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INTRODUCTION 
Kentucky, as most other states, has in the past relied on the AASHTO 
publication titled "Guide for Selecting, Locating, and Designing Traffic Barriers," (l) 
for guidance in the installation of guardrail. However, there are geometric 
constraints on existing roads that do not permit use of the AASHTO guidelines in 
many cases. In addition, there are other issues to be addressed when outdated 
guardrail sections or end treatments are damaged and in need of repair. Frequently 
it is impractical to install guardrail to meet current standards without major 
reconstruction. 
It appears that there are many miles of roadway in Kentucky that would 
meet the general requirements for roadside barriers based on fill height and slope 
and clear zones; however, the cost-effectiveness of guardrail is questionable without 
more detailed analysis. Presently, there is no program within the Department of 
Highways, to identify and prioritize locations where guardrails are needed. A cost­
effective selection procedure was presented in the AASHTO "Barrier Guide" (1). 
However, the procedure is relatively complicated and the data requirements make 
it difficult to use on a system-wide basis. 
Another issue related to guardrails is the maintenance of proper guardrail 
height. The current standard for W-Beam guardrail with standard metal or wood 
post is 27 inches. Adequate height must be maintained in order to ensure proper 
performance when the guardrail is impacted. A significant amount of guardrail in 
Kentucky varies from that recommended height. Most occurrences are related to 
reduced guardrail height as a result of resurfacing, fill settlement, outdated 
standards, or improper installation. The issue of maintaining guardrails at the 
proper height is briefly addressed in Appendix A of this report. 
Benefits associated with removal of roadside hazards have been well 
documented and most highway agencies have made significant accomplishments in 
that area. However, some roadside hazards cannot be eliminated or the cost of 
removal is prohibitive. An alternative to removal of hazards is to shield those 
hazards so that the probability of a vehicle impacting them is reduced. 
Longitudinal barriers such as guardrail, median barriers, and bridge rails are used 
to shield vehicles from hazards. Installation of barriers is usually based on the 
relative hazard of the barrier versus the unshielded hazard. The AASHTO "Barrier 
Guide" (l) has been used by many states to assist in the determination of guardrail 
need and type. Generally, roadside barriers such as guardrail are us.ed to shield 
vehicles from embankments or roadside obstacles. Warrants presented in the 
AASHTO publication are useful; however, considerable judgment is required to apply 
the generalized cases to specific problems in Kentucky. It appears that benefits 
could be derived from development of standards and guidelines for the installation 
of guardrail with special consideration given to traffic volumes, geometries, and 
terrain representative of Kentucky. 
Priority ranking of safety features for roadways has been accomplished 
when sufficient information was available to document costs and benefits. The 
cost-effective selection procedure for guardrail presented in the AASHTO "Barrier 
Guide" (l) is a method to be considered; however, input data necessary for the 
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procedure may limit its application. With the goal of inventorying and ranking 
locations in need of guardrail or other barriers on all state-maintained roads, there 
is a need for a simplified procedure. 
STANDARDS FOR INSTALLATION AND REPAIR OF GUARDRAIL 
SURVEY OF GUARDRAIL STANDARDS AND REVIEW OF LITERATURE 
As part of a previous research study, a survey of guardrail end treatment 
usage was conducted and the results were documented (2). In addition to end 
treatment usage, most states also provided information related to their guidelines 
and standards for installation of guardrail. Specific attention was given to the 
subject of guardrail standards being used by states that were less restrictive than 
those given in the AASHTO "Barrier Guide" (1). Categories of information included 
in the summary and of special interest for this study were clear zone widths, 
embankment heights and slopes, and ranges of volumes and speeds for which 
guardrails are warranted. Another category of information desired was related to 
guardrail details such as type of end treatment, type of posts, post spacings, and 
use of blackouts. 
Some states provided more detailed information than others and some 
included reports or manuals that documented their policies and procedures. Even 
though the survey was performed in 1983, and was therefore dated, it did serve the 
purpose of providing sufficient information about states that should be investigated 
further. Responses were obtained from all states and a summary of their responses 
is presented in Appendix B. 
It was found that most states suggesting reduced standards considered 
them oilly for low volume, low speed roads. The Georgia Department of 
Transportation developed guidelines for guardrail need and location that varied by 
traffic volume and speed (3). Figures were prepared for different volume ranges to 
show the warrants for guardrail at embankments based on fill height and slope. 
This was apparently done in an effort to provide more information than was 
previously given in the 1977 AASHTO "Barrier Guide" (1) for guardrail warrants. 
From the figure shown in the "Barrier Guide" (Figure 1). it can be seen that barriers 
were warranted for embankment heights exceeding 10 feet and slopes 3:1 or 
greater. Generally, the figure shown in the "Barrier Guide" (1) was for higher 
volume, higher speed roads; and therefore a need existed to develop warrants for 
a lower class of roads. Georgia developed a series of figures representing five 
volume ranges such that varying classes of roads could be evaluated for guardrail 
installations with some consideration being given to the exposure probability based 
on AADT. 
In addition to embankment criteria, Georgia also prepared clear zone width 
criteria in the form of a nomograph relating slope, speed, and volume to clear zone 
width. Guidelines and warrants developed by Georgia were cited in the AASHTO 
"Roadside Design Guide" ( 4) as examples that should be followed by other states in 
the development of their own warrants. 
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Additional development of guardrail installation criteria was done by the 
Pennsylvania Department of Transportation (5), and they used as a guide the work 
previously accomplished by Georgia (3). Pennsylvania's task force concluded that 
the 30-foot clear zone should be retained as the desirable maximum clear recovery 
area, with site-specific reductions based on varying conditions of slope, AADT, and 
speed. The result was a table of clear wne width, cross tabulated with 
embankment slope, operating speed and AADT. Pennsylvania also analyzed 
Georgia's embankment slope and fill-height criteria to evaluate the applicability to 
their conditions. A table for reduced criteria was developed with slope categories 
ranging from 1-1/2:1 to 2-1/2:1 and four volume categories. It was noted that the 
fill-height criteria was highly dependent upon severity index and reference was 
made to the work done by Glennon and Tamburri (6) on the development of seve1ity 
indices based on California accident data. 
An,other approach to defining the required clear zone width was developed 
by the Indiana Department of Highways (7). The traversable area adjacent to the 
pavement edge was defined by a set of curves adapted from the 1977 AASHTO 
"Barrier Guide" (l). The curves are very similar to those developed by Georgia (3), 
except there was only one scale of clear wne widths, unaffected by AADT. The 
curves were for tangent sections and various side slopes; developed assuming 
essentially an infinite length of side slope and 12-foot shoulders. For roadway 
sections with horizontal curves, adjustment factors were developed for curvature 
and AADT. Clear zone requirements were developed for cut section and fill section 
slopes ranging from 3:1 to 10:1. It was noted that the clear zone requirement for 
illl sections with 3:1 slopes and a design speed of 60 mph was 100 feet. This 
requirement would have applied to roads having AADTs of 6,000 or more; with less 
clear zone needed for lower volumes. 
Clear zone guidelines have also been adopted for use on RRR projects in 
Kentucky (8). These guidelines vary by type of road and AADT, with advice given 
that the criteria are not absolute and engineering judgment should be used. For 
example, on projects in rural areas that have average running speeds greater than 
40 mph, headwalls and parapets are recommended to be relocated if they are within 
4 feet of the usable shoulder. Utility poles, trees and other similar hazards are 
recommended to be removed or relocated if they are within 12 feet of the edge of 
the traffic lane. For speeds 40 mph or less, the recommended clear zone for 
headwalls and parapets is 2 feet; however, if they are not relocated and are within 
6 feet of the traffic lane, an object marker is required. The required clear zone for 
utility poles, trees and other similar objects is reduced to 10 feet for speeds 40 mph 
or less. Even less strict requirements are recommended for rural collector roads 
with speeds of 40 mph or less and AADTs less than 750. 
AASHTO ROADSIDE DESIGN GUIDE 
The AASHTO "Roadside Design Guide" (4) was developed as an update of 
the 1977 AASHTO "Barrier Guide" (1). The "Roadside Design Guide" (4) was 
intended to be an updated, consolidated, and expanded source of information 
containing existing publications and policy statements which pertain to safer 
roadside design. The publication contains information and guidance on many 
aspects of safer roadside design for public streets and highways. Information has 
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been extracted from several other AASHTO publications in order to compile in one 
source the most up-to-date guidelines relating to roadside safety. As most other 
AASHTO publications, the "Roadside Design Guide" (4) is not intended to be a 
standard or policy document, but it is intended as a guide to practices which may 
be adopted by highway agencies responsible for roadside design, construction, and 
maintenance. 
Information contained in the "Roadside Design Guide" (4) that was of 
particular usefulness to tbis study was contained in the sections dealing with clear 
zones, embankments, and the cost-effectiveness analysis. The cost-effectiveness 
procedure in the 1977 "Barrier Guide" (1) allowed a designer to examine alternate 
safety treatments at specific locations to determine which one was more 
appropriate. In addition, the procedure was used by several highway agencies to 
analyze site-specific alternatives and to develop warrants in chart and tabular form 
using local.data. Revisions to the cost-effectiveness procedure and adaption to a 
microcomputer format has made the new procedure included in the "Roadside 
Design Guide" (4) more attractive to the user in terms of speed and flexibility. In 
general, the cost-effectiveness procedure permits a designer to predict total costs 
of various alternatives under consideration. Total costs include initial construction 
costs, anticipated repair and maintenance costs, salvage value of the improvement, 
and user costs. User costs were based on the expected number and severity of 
accidents associated with each alternative. The number of accidents is directly 
related to the number of predicted encroachments and the probability of the 
encroachments resulting in an impact with a roadside hazard. Modifications to the 
procedure that are incorporated into the microcomputer program include; 1) an 
encroachment rate model, 2) a model relating lateral extent of encroachment and 
accident sevetity to design speed, and 3) a traffic growth-rate model. 
The clear roadside concept was promoted in the second edition of the 
AASHTO "Yellow Book" (9). It was recommended that an unencumbered roadside 
recovery area as wide as practical would be desirable. As a result, most highway 
agencies began to attempt to provide a traversable and unobstructed roadside area 
of 30 feet or more from the edge of the driving lane. It was noted in the "Yellow 
Bool•" that previous studies had shown 80 percent of the vehicles leaving the 
roadway out of control were able to recover within a width of 30 feet. The 1977 
AASHTO "Barrier Guide" (1) modified the 30-foot clear zone concept by including 
variable clear zone distances based on speeds and roadside geometry (Figure 2). 
This same set of curves for clear zone distances was modified further in the 
"Roadside Design Guide" (4) to include traffic volume along with speed and. roadside 
geometry (Figure 3). It was noted that curves shown in Figure 3 were based on 
empirical data which were extrapolated to provide information on a wide range of 
conditions. It was also cautioned that site-specific conditions must be kept in mind 
when attempting to use the curves. Adjustment factors were developed for 
horizontal curvature with increasing clear zone requirements for increasing 
curvature. 
Embankments on fill slopes are generally categorized as recoverable, non­
recoverable, traversable, or critical. Recoverable slopes are embankment slopes 4:1 
or flatter. Vehicles on recoverable slopes can usually be stopped or steered back 
to the roadway. A non-recoverable slope is defined as one which is traversable, 
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but such that a vehicle cannot be stopped or returned to the roadway easily. 
Embankments between 3:1 and 4:1 generally fall into this category. Slopes steeper 
than 3: l are critical and are usually defined as a slope on which a vehicle is likely 
to overturn. As shown in Figure 1, embankment height and slope are the basic 
factors considered in determining barrier need. Again referring to Figure l, it can 
be seen that embankments with slope and height combinations on or below the 
curve do not warrant shielding unless there are obstacles within the clear zone that 
present a serious hazard. It was noted that some states had developed modified 
warrants to account for the decreased probability of encroachments on lower 
volume roads (Figures 4 and 5). 
KENTUCKY GUARDRAIL POLICY 
Kentucky's Department of Highways' Maintenance Guidance Manual (10) 
provides guidance for new guardrail installations and upgrading existing guardrail 
installations. It is noted that all projects for guardrail installation and upgrading 
shall meet the warrants of Part I-III-A of the 1977 "AASHTO Barrier Guide" (1). 
Each highway district is required to maintain a current inventory of all substandard 
and obsolete guardrail and all unshielded locations which are known to meet the 
warrants of Part I-III-A of the "Barrier Guide" (1). In addition, it is required that 
a cost-effectiveness ranking be defmed for each location based on a statewide 
inventory. An additional requirement is that the Department of Highways' Division 
of Maintenance prepare and administer an armual Guardrail Improvement Program. 
Funds budgeted to this program are to be allocated to those locations having the 
highest ranking factor and those that can be constructed without major 
reconstruction of the roadway. Alternatives to guardrail, such as hazard removal 
or relocation, flattening slopes, and pipe extensions are to be considered and may 
be included in the program. 
The issue of when to upgrade guardrail and when to repair or maintain 
with equivalent materials is a continuing problem. It is desirable that guidelines 
exist for details to be included in standards for repair and maintenance of guardrail 
on existing roadways that have not been designed and built to current standards. 
Current general policy is that obsolete or substandard guardrail may be repaired 
or maintained with equivalent materials in stock or with available guardrail 
elements. 
RECOMMENDED GUARDRAIL STANDARDS AND GUIDELINES 
GUARDRAIL NEED GUIDELINES 
The "Roadside Design Guide" (4) contains figures and tables giving 
warrants for guardrail based on embankments and roadside obstacles. When 
considering the need for guardrail relative to embankments, the embankment height 
and side slope are the factors used to make the decision. The relative severity of 
encroachments on the embankment must be compared to impact with the 
guardrail. A figure using fill section height and slope was included in both the 
"Barrier Guide" (I) and "Roadside Design Guide" (4) (Figure 1). Modified warrant 
charts were included in the "Roadside Design Guide" (4) (Figures 4 and 5) that 
consider the decreased probability of encroachments on lower volume roads. The 
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need for guardrail relative to roadside obstacles considers the necessary clear zone 
for the given roadway and the relative severity of hitting the obstacle versus the 
guardrail. Table 1 and Figure 3 which were taken from the "Roadside Design Guide" 
(4), give the necessary clear zone as a function of design speed, traffic volume, and 
fill or cut slope. While warrants were presented for the need for guardrail based 
on embankment and roadside obstacle criteria in the "Roadside Design Guide" (4), 
the recommendation was made that highway agencies develop specific guidelines 
for their agency based upon their cost-effectiveness evaluations. A cost-effectiveness 
selection procedure was given in Appendix A of the "Roadside Design Guide" (4). 
This procedure was used to develop guidelines for the need of guardrail based on 
Kentucky data. A computer program (ROADSIDE) was obtained to conduct the 
cost-effectiveness analysis. 
Certain parameters had to be used in the computer program. These 
parameters are given as part of the computer program and values are specified 
unless ch,anged. The parameters used in the analysis are shown in Figure 6. The 
accident cost figures and encroachment model were changed from that given as part 
of the computer program. The accident cost figures were based on the 
recommendations given in FHWA Technical Advisory T7570.1 (11). The 
encroachment model was obtatned from TRB Special Report 214 (12). ·This model 
is the exponential encroachment model given in Appendix F of Special Report 214 
(12). The decision to use this encroachment model was made after analyzing the 
output from the program using alternate encroachment models. The model 
presented in Special Report 214 (12) considered curvature and grade while the 
model presented in ROADSIDE (4) required the curvature and grade to be input 
each time. For the type of analysis performed in this study, it was felt that the 
model in Special Report 214 (12) would result in a more useful methodology. Also, 
comparison of results of analyses using both models supported the use of the 
Special Report 214 (12) exponential encroachment model. 
Two separate types of analyses were conducted. They were related to clear 
zone and embankment criteria. The computer program required various types of 
input and the output was the total cost (including the accident cost, installation 
cost, repair cost, maintenance cost, and salvage value). The total cost was then 
compared for both having and not having a guardrail using the appropriate set of 
assumptions. These were the only two alternatives considered. When the total cost 
with a guardrail present became less than with no guardrail, it was assumed that 
a guardrail was warranted. 
A printout of the input and output data from a sample computer run is 
given in Figure 7. Some of the required input was constant for all the analyses. 
The traffic growth rate was assumed to be 2.5 percent. A two-lane, undivided 
highway was used with a lane width of 11 feet. The curvature remained at zero 
degrees while the grade was held at zero percent. This could be done since the 
encroachment model considered the effect of curvature and grade as part of the 
model. A project life of 20 years was used along with a discount rate of 7 percent. 
The cost of repair of guardrail after an accident was estimated to be $500 with no 
maintenance cost or salvage value. 
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The remaining input values were varied with the objective of finding the 
point at which the total cost with the guardrail was less than the cost without a 
guardrail. This would be the point at which a guardrail would be warranted. The 
variables which were varied included the traffic volume, design speed, lateral 
placement, longitudinal length, width of obstacle, severity index, and cost of 
installation. 
In the clear zone analysis, the total costs of impacting a guardrail or fiXed 
object at an isolated point with a longitudinal length of one foot and a width of one 
foot were compared. The lateral offset of the fixed object was varied. with a two­
foot offset of the fJXed object behind the guardrail and a maximum lateral offset of 
10 feet for the guardrail. Severity indices were calculated using Kentucky accident 
data. The severity of accidents involving a collision with a guardrail or a tree as 
the first event were compared as a function of speed limit. The severity indices 
used for guardrail were 2.2 for 40 mph, 2.5 for 50 mph, and 2.8 for 60 mph. The 
severity iJ;ldices used for fixed objects were 3.1 for 40 mph, 3.4 for 50 mph, and 3. 7 
for 60 mph. The program limited the speeds to either 40, 50, or 60 mph. An 
installation cost of $2,000 was used for the guardrail. 
Numerous series of computer runs were conducted with the traffic volume 
and speed held constant and the lateral offset varied. For a specific volume and 
speed, two sets of computer runs were made. One used the data assuming no 
guardrail while the second assumed the appropriate data for guardrail. When the 
total cost at the lateral offset of the guardrail became less than that for a 
corresponding offset for the fJXed object, the guardrail was determined to be 
warranted. The results of these analyses are given in Table 2. The traffic volume 
categories varied from 250 to "over 5,000" with speed categories of 40, 50, and 60 
mph. For the 50-mph speed category, the minimum clear zone distance needed 
without the installation of guardrail varied from 3 feet for an ADT of 250 to 20 feet 
for an ADT of over 5,000. 
A similar type of analysis was used in the embankment analysis. A 
limiting factor in this analysis was the lack of data relative to the severity of 
accidents as a function of embankment height and slope. The only accident data 
noted which yielded accident severity versus embankment height and slope were 
single vehicle embankment accidents in California in 1963 (6). It should be noted 
that the data base representing California embankment accidents in 1963 consisted 
of a greater proportion of larger cars than are currently in the vehicle fleet. Larger 
cars are less likely to overturn than smaller cars because they are more stable due 
to their wider track width. Severity indices compatible with indices for accidents 
involving guardrail in Kentucky were calculated using these data and a severity 
index formula used in Kentucky (13) (Table 3). It was not possible to calculate the 
severity index as a function of speed. The overall severity index of all accidents 
involving guardrail in Kentucky was calculated as 2.67. This severity index was 
compared to those calculated using the California data. It can be seen that the 
severity of hitting a guardrail (severity index of 2.67) was greater than that for 
driving over an embankment when the slope was 3:1 or flatter. Therefore, no 
guardrail could be warranted for a slope of 3:1 or flatter. It should be noted that 
the severity of an accident involVing an embankment relates to the vehicle 
overturning and/or striking fixed object hazards either on the slope or at its base. 
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Therefore, these severity indices must be used with caution for slopes that are non­
traversable or include fixed objects. 
A speed of 50 mph was used in the embankment analysis. The severity 
indices were not classified by speed so one representative speed had to be selected. 
It was felt that the 50 mph speed would be most representative of the roads for 
which this analysis would be used. For the guardrail installation, a lateral 
placement of 5 feet was assumed with a longitudinal length of 200 feet and a width 
of one foot. When the embankment was considered, a lateral placement of 7 feet 
was assumed with a longitudinal length of 200 feet and a width of the embankment 
height times the slope (for example, the width would be 20 feet for an embankment 
height of 10 feet and a slope of 2:1). For a given traffic volume, the total cost of 
the guardrail was compared to various embankment heights. When the cost 
associated with the embankment exceeded that for the guardrail, a guardrail was 
warranted .. The results of this analysis are presented in Table 4. For a slope of 
2: 1, the embankment height at which guardrail was warranted varied from 40 feet 
for an ADT of 250 to 15 feet for an ADT of over 5,000. When the slope became 
steeper than 2:1, a guardrail was basically warranted in all cases when the 
embankment height was above a minimum level. Using Figure 1 ("Roadside Design 
Guide" Figure 5.1) (4) as a reference, this minimum embankment height would be 
about 5 feet. 
GUARDRAIL HARDWARE FOR LOW SERVICE LEVEL ROADS 
Reduced guardrail standards and related hardware for lower volume roads 
were the subjects of research reported by Kimball and Hancock as part of a NCHRP 
study titled "Develop Performance Standards and Hardware for Low Service Level 
Guardrail System" (14). The overall objectives of this study were to 1) examine the 
need for guardrail on low service level roads, 2) develop performance standards for 
guardrail, transitions, and terminals to meet these needs, and 3) design, test, and 
develop low-cost guardrail systems based on these performance standards. Primary 
results were preliminary performance standards and warranting criteria for low 
service level guardrail systems. Perfom1ance standards were reduced from those 
recommended in NCHRP Report 230 (15); which included a 4,500-pound vehicle 
tested at 60 mph and a 25-degree approach angle. For low service level roads, the 
test conditions used were a 3,400-pound vehicle impacting the guardrail system at 
50 mph and a 20-degree impact angle. Warranting criteria developed as part of the 
study were apparently not implementable due to small sample sizes of supporting 
data. The warranting procedure was compiled into an interactive computer 
program. Guardrail systems selected as most appropriate for use on low service­
level roads were 1) 12-gauge W-beam guardrail with 4 pounds/foot steel u-channel 
posts, 2) 12-gauge W-beam guardrail with 5-1/2-inch diameter wood posts, 3) 3/4-
inch cable guardrail with 4 pounds/foot steel u-channel posts, and 4) 3/4-inch 
cable guardrail with 5-1/2-inch diameter wood posts. Even though testing of 
terminals was not part of the study, it was recommended that the Texas Twist 
(weakened turned-down similar to Kentucky's Type 7 end treatment) was the least 
expensive option and was considered to be adequate for lower performance 
standards. Optional posts for both systems (W-beam guardrail and cable) were the 
S3x5.7 steel posts. Post spacings were 16 feet for the cable systems and 12 feet, 
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6 inches for the W-beam systems. Details of each of the guardrail systems are 
presented in Appendix C. 
The guardrail systems recommended (14) for use on low service level roads 
are lower cost, lower performance versions of the operational roadside barriers 
presented in the 1977 "AASHTO Barrier Guide" (1). They provide for the 
substitution of u-channel 4 pounds/foot metal posts and 5-1/2-inch diameter wood 
posts for the S3x5. 7 steel posts. In general, these guardrails deflect more than the 
operational roadside barriers. Increased post spacings reduce their cost, but also 
reduce their strength. Similar post systems are shown in the "Roadside Design 
Guide" (4) where they are identified as "Selected Roadside Barrier Design Details". 
From the smvey of guardrail usage in other states (2), provisions for lower 
guardrail hardware standards were examined. Generally, there were few exceptions 
to the stan,dards and guidelines presented in the "AASHTO Barrier Guide" (1). 
However, it was noted that Georgia offered standards for design of guardrail by type 
of highway but there were few differences. Minnesota had a provision for post 
spacing of 12 feet, 6 inches where the speed was under 50 mph. Pennsylvania's 
guidelines included the use of a weak post system without blockouts. Schultz (5) 
also reported that a strong-post system using 12 foot, 6 inch spacing was 
considered by Pennsylvania, but was rejected because of the potential tort liability 
compared to the potential savings by reducing the number of posts. Virginia's 
response indicated that both strong post (with blockout) and weak post systems 
without blockouts were used. West Virginia reported that, based on design year 
AADT and design speed, guardrail designs would be one of the following: 1) 6 foot, 
3 inch spacing with blockouts, 2) 12 foot, 6 inch spacing with blockouts; or 3) 12 
foot, 6 inch spacing without blockouts. The turned-down end treatment was 
usually mentioned when lower guardrail standards were considered. 
Generally, there were few examples of states that had formal guidelines for 
lower guardrail standards for low service level roads. As noted previously, the 1977 
"AASHTO Barrier Guide" (1) and the new "Roadside Design Guide" (4) did offer 
weak-post systems without blockouts as operational systems (Appendix C). A 
concern related to use of theW-beam, weak-post guardrail system with 12 foot, 6 
inch post spacings may be the maximum dynamic deflection, which is 
approximately 7 feet in a 59 mph test. An alternative, when maximum deflection 
may present a problem, is the Thrie beam, weak-post system which has maximum 
dynamic deflection of approximately 4 feet. Where Thrie beam guardrail is not used 
extensively, the initial cost and readily accessible replacement components may be 
a problem. Another alternative, which was tested and reported as part of NCHRP 
Report 115, is theW-beam, weak-post system with 6 foot, 3 Inch post spacings 
(16). Results from full-scale crash tests Indicated that maximum dynamic deflection 
was 5.8 feet as compared to 7.3 feet for the same system with 12 foot, 6 inch post 
spacings. These systems could be considered on low volume roads where the W­
beam, blocked-out guardrail system may be impractical due to geometric, terrain, 
or cost constraints. However, with a priority ranking procedure based on accident 
history, operational characteristics, and roadway geometries; it is unlikely that low 
service level roads would be identified and ranked highest as locations in need of 
guardrail. 
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DEVELOPMENT OF A PROCEDURE TO IDENTIFY AND PRIORITIZE 
LOCATIONS IN NEED OF GUARDRAIL 
DEVELOP CRITICAL NUMBERS AND RATES OF 
RUN-OFF-ROAD ACCIDENTS 
A procedure has been In place for several years to develop average and 
critical accident rates for use by the Kentucky Department of Highways in the 
identification of high-accident locations (17). These locations have routinely been 
Inspected and accident data have been analyzed to offer recommendations for 
improvements, when appropriate. Another study resulted In the development of 
accident reduction factors for use In the cost-optimization procedure to rank 
proposed safety improvements (18). 
The general procedure to develop critical accident numbers and rates relies 
on the historical accident file and a volume file. Accident data are available from 
the Kentucky Accident Records System (KARS). Volume data used for the 
calculation of accident rates were obtained from the Statewide Mileage File. 
As previously noted, the general procedure to develop accident rates has 
been documented (17, 19). An armual report is now produced to calculate average 
and critical rates as a means of analyzing statewide accident statistics (20). It was 
necessary to determine numbers of accidents and to develop average rates and 
critical rates as Input for the high-accident identification program. The following 
formulas were used to calculate critical accident rates and numbers (17, 19): 
A, = A.+ K(sqrt(A,/M)) + 1/(2M) 
In which 
A, = critical accident rate, 
A. = average accident rate, 
sqrt = square root, 
K = constant related to level of statistical 
significance selected (a probability of 
0.995 was used wherein K = 2.576), and 
M = exposure (for sections, M was in terms of 
100 million vehicle-miles (100 MVM); for 
spots, M was In terms of million vehicles. 
To determine the critical number of accidents, the folloWing formula was 
used: 
Nc = N. + K(sqrt(N.)) + 0.5 
in which 
Nc = critical number of accidents and 
N. = average number of accidents. 
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To permit the use of this procedure to develop average and critical numbers 
and rates of accidents for use with the guardrail location selection program, it was 
necessary to modifY the procedure to identifY only those accidents associated with 
vehicles running off the road. Directional analysis codes assigned after 
interpretation of the details provided on the police accident report and included in 
the accident file were determined to be the best source of information to identify 
run-off-road accidents. It was assumed that guardrail installation would be of 
benefit only in accidents where vehicles ran off the road. Analysis of the directional 
analysis codes revealed that three types of accidents made up a very high 
percentage (99 percent) of the total. Those three types of accidents were: l) single­
vehicle collision with a fixed-object at an intersection; 2) single-vehicle collision with 
a fixed-object not at an intersection; and 3) single-vehicle, run-off-road accident, not 
at an intersection. The magnitude of the frequency of these types of accidents, 
along with others identified as run-off-road, are shoWn in Table 5 for the period of 
1 983 through 1 987. 
As shown in Table 6, approximately two-thirds of all run-off-road accidents 
involve collisions with fixed objects. Presented in Table 6 is a summary of fixed­
object accidents and their overall severity based on a calculated severity index (13). 
It can be seen by the magnitude of the severity index that the most severe fixed­
object accidents are those involving trees (3.52), culvert/headwalls (3.38) , earth 
embankments/rock cuts/ditches (3.14), and bridges (2.95). The most frequently 
occurring fixed-object accidents are collisions with earth embankment/rock 
cut/ditch, trees, utility poles, and fences. The least severe accidents are those 
involving buildings/walls (1.56) and fire hydrants (1 .70). The severity index for 
guardrail impacts was 2.67; which was in the mid-range of severity indices. 
After identification of those accidents which could be affected by the 
installation of guardrail, average and critical numbers and rates of run-off-road 
accidents were summarized for one-mile sections. For the time period of 1983 
through 1 987, the average and critical numbers are shown in Table 7 for various 
highway types. Accident rates by highway types for rural and urban areas are 
presented as Tables 8 and 9, respectively. These tables also show total mileage and 
annual average daily traffic (AADT) for each highway type. Using the previously 
referenced equation, critical accident rates were calculated for each type of rural 
and urban highway; and cross-tabulated by volume category and section length 
(Appendix D). Tables D-1 through D-7 are critical run-off-road accident rates for 
rural sections and Tables D-8 through D-13 are critical rates for urban sections. 
Also presented are critical run-off-road accident rates for spots (defined as highway 
sections 0.3 mile in length) on rural and urban highways (Tables E-1 through E-
4 in Appendix E). 
PREPARE LIST OF LOCATIONS HAVING CRITICAL RATES OF 
RUN-OFF-ROAD ACCIDENTS 
Through the cooperation and assistance of the Department of Highways' and 
the Department of Information Systems' personnel, the existing computer program 
to identifY high-accident locations was modified to identifY run-off-road accident 
locations. Output from this computer program was a listing of accident locations 
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by decreasing critical rate factor in order of county, route, and mileposts. For this 
analysis, the critical rate factor was defined as the average accident rate for a 
section divided by the critical rate for that same section. Other information 
presented in the printout included number of accidents, number of lanes, highway 
class, rural/urban designation, and AADT. The listing represented all highway 
sections of one-mile length with five or more accidents in a five-year period. An 
example printout is presented in Figure 8. It was assumed from the beginning that 
sections one mile in length were the most appropriate for analysis to determine the . 
need for guardrail; however, 0.3-mile sections with three or more accidents in a 
five-year period were also analyzed and determined to have advantages as alternate 
means of ident::L(ying locations in need of guardrail. A similar computer summary 
was prepared for 0.3-mile sections listing accident locations by decreasing critical 
rate factor in order of county, route, and mileposts. Another form of output from 
the run-off-road accident identification procedure was a listing of all locations with 
critical rate factors greater than 1.0. A critical rate factor greater than l.O means 
that the fl.Ccident rate for a section of highway exceeds the critical rate for that 
class or type of highway statewide. An example of this p1intout is shown in Figure 
9 and it includes a detailed description of each accident categorized as run-off­
road. Included for each accident are the following; milepost location, date of 
accident, directional analysis, description of accident type, light condition, road 
surface condition, collision type, and number injured and/ or killed. 
These listings represent the first step of a method for identification of 
locations in need of guardrail. With the use of previously discussed computer 
printouts of locations with critical rates of run-off-road accidents, a listing by 
county can be prepared for selecting highway sections which should be subjected 
to the field survey. This procedure would eliminate the need to survey all highway 
sections; thereby concentrating efforts on sections previously identified as having 
accident rates exceeding the critical level. Locations with critical rates greater than 
l.O have high accident rates; however, these locations do not necessarily need 
guardrail because guardrail may already eXist or there may be other improvement 
alternatives. 
A total of 1,069 one-mile and 2,845 0.3-mile sections were identified 
throughout the state. By highway districts, the highest number of 0.3-mile sections 
were in District 7 (529) with the lowest number in District 10 (62). Jefferson 
County had the highest number of 0.3-mile sections identified ( 178) with five 
counties having none identified. 
DEVELOP A HAZARD-INDEX POINT SYSTEM 
Prior to conducting a field survey, there was a need to develop a system for 
relating the operational and geometric characteristics of highway sections with their 
accident history to determine which sections exhibited the greatest need for 
guardrail. In addition to accident statistics, there are several characteristics which 
can be associated with the potential for accidents. The following characteristics 
were selected to represent a hazard-index rating of highway sections. 
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CHARACTERISTICS 
1) Number of run-off-road accidents 
2) Run-off-road accident rate 
3) Traffic volume 
4) Speed limit or prevailing speed 
5) Lane and shoulder width 
6) Roadside recovery distance 
7) Embankment slope 
8) Embankment height 
9) Culvert Presence 
10) Subjective Roadside Hazard rating 
' 
RATING 
POINTS 
POSSIBLE 
15 
15  
10 
10 
10 
10 
10 
10 
5 
5 
An attempt was made to include characteristics representative of accidents 
and accident potential, operations, and cross section. Point-system weightings of 
each characteristic were determined by subjective evaluation (the rating form is 
presented as Figure 10). It can be seen that the combination of number of 
accidents and accident rate made up 30 of a possible 100 points. Traffic volume 
and speed limit, considered to be operational characteristics, totaled 20 of the 
possible 100 points. Cross-section characteristics made up an additional 40 points. 
Because of their frequency of occurrence and the hazard associated with culvert 
headwalls or openings near the roadway, a special category was created to represent 
this condition. For a culvert present within five feet of the road, 5 points were 
assigned. Also included was a general category representing a subjective roadside 
hazard rating with 5 points possible. This rating was based on a Visual observation 
that was compared to photographic documentation of roadway sections depicting 
various degrees of roadside hazard. 
CONDUCT FIELD SURVEY 
Another step in the overall process of identi:(ying locations in need of guardrail 
is a field survey of locations haVing critical rate factors of 1 .00 or greater. Specific 
cross-section information that will require a field survey includes the following: I) 
lane and shoulder width, 2) roadside recovery distance, 3) embankment slope, 4) 
embankment height, 5) presence of a culvert, and 6) subjective roadside hazard 
rating. Additional field data collection may be required to obtain prevailing speed 
if it is less than the speed limit. 
In order to implement the field survey process, a form was developed for use 
by Kentucky Department of Highways' personnel to document roadway cross-section 
and other conditions determined to be useful (Figure 1 1).  This form includes space 
for all variables that will require rating points to be assigned, in addition to general 
location information and accident statistics. 
It is recommended that additional information be documented for each 
highway section to be surveyed. Included will be the following general information: 
date, county, district, route number, range of milepoints, type of area, terrain, 
MDT, and number of lanes. The result will be a combination of field data 
13 
collection and other data collection; primruily from files maintained by the 
Department of Highways. Only 10 variables or characteristics will be assigned 
hazard-index rating points. Other characteristics for which data are not to be 
collected will not be assigned rating points but will be available to provide general 
information to the decision-maker. 
Tests of the survey form shown in Figure 11 were conducted to determine if 
it was reasonable and understandable for use by field personnel to document 
operational and cross-section information. It was determined that a listing of 
accident locations by county having critical rate factors shown would provide 
sufficient information to select those locations to be surveyed. An example of the 
accident listing by county is shown in Figure 12. This listing is arranged by 
increasing route number within a county and milepoints are given to permit 
location of a specific section on a route. In addition, critical rate factors are 
tabulated for use in selecting factors greater than 1.0 or some other desirable 
minimum level. With the information as shown in Figure 12, a county map and 
route milepoint log can be used to identify locations on the map so that ·the field 
survey process is made more efficient. The remaining information necessary to 
prepare for and complete the field survey process were detailed listings of individual 
accidents at 0.3-mile and 1.0-mile seCtions as was previously shown in Figure 9. 
The resulting package of information determined to be necessary to efficiently 
conduct the field survey was the following: 1) a listing of accident locations by 
county with critical rate factors tabulated, 2) a county map, 3) a route milepoint log 
by county, and 4) a detailed listing of individual accidents for 0.3-mile and 1.0-
mile sections. 
TABULATE HAZARD-INDEX POINTS 
After assignment of hazard-index points to each of the variables or 
characteristics (from the accident history and the field survey), the next step will 
be to summarize and tabulate hazard-index points for each highway section. It is 
recommended that lists of locations be prepared with total hazard-index points in 
decreasing order for all locations statewide and then for several subcategories such 
as district, county, and highway class (Federal-Aid or functional class). The 
purpose for this listing will be to identify a manageable number of locations for 
which cost-effectiveness analysis can be performed. The result will be a listing of 
locations with a combination of accident history and cross-section characteristics 
that could serve as the basis for collection of cost and benefit data. 
DETERMINE IMPROVEMENT COSTS 
As part of the field survey process, it will be necessary to evaluate each 
location having a critical rate factor of 1.00 or greater to determine if improvements 
should be recommended. Because the run-off-road accident analysis will identify 
locations based only on number and rate of accidents, it is likely that some 
locations having existing barriers or other roadside improvements will appear on the 
list. This will require that each location be assessed to determine if any 
improvement should be made. However, it is anticipated that improvement 
alternatives will be available at the majority of locations and the type and cost of 
these improvements will need to be documented. 
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At the beginning of this study, it was generally assumed that the primary 
type of improvement would be installation of guardrail. The focus on guardrail was 
the result of an initial request to identify locations in need of guardrail so that a 
prioritized listing could be prepared and made available to the Department of 
Highways. This listing was to be used to assist in the selection of projects to be 
funded for installation and enhancement of guardrail. It is obvious that several 
alternatives usually exist when encountering roadside hazards. Among the most 
frequently mentioned are removal/relocation of fixed objects and flattening side 
slopes. Frequently encountered roadside hazards and the cost to remove or reduce 
the hazard potential were tabulated by zegeer, et al. (21). Excerpts from that work 
are included as Appendix F. Additional information on improvement costs are 
available from the Kentucky Department of Highways' unit bid prices which are 
tabulated for all projects awarded during each calendar year (22). An example of 
unit bid prices, including W-beam guardrail installation ($8.06 per linear foot), is 
also included in Appendix F. 
DETERMINE IMPROVEMENT BENEFITS 
The benefits of improvements associated with roadside hazards are primarily 
due to reduced accidents. To determine the expected benefits from various types 
of improvements, it will be necessary to relate acCident reduction factors to specific 
types of improvement alternatives. Previous work by Creasey and Agent (23) 
provides a wide range of accident reduction factors that may be directly applied to 
improvements recommended as part of this program. Selected acCident reduction 
factors from Creasey's and Agent's work (21) that may be related to run-off-road 
accidents are tabulated in Appendix G. Included are reduction factors for the 
following major areas of safety improvements: 1) pavement marking, 2) 
construction/reconstruction, 3) safety barriers, 4) safety poles and posts, and 5) 
removal/relocation of roadside obstacles. Detailed accident data for each location 
will be available from the run-off-road accident summaries prepared as part of the 
analysis to determine critical rates. Previously noted was the type of information 
presented in Figure 9 which shows number of fatalities, number of injuries, and 
total number of accidents. These data can be converted to total accident benefits 
by associating accident severity (types of injuries and property damage) with costs 
for each type. Costs for each level of accident severity have been developed and 
recommended by the Federal Highway Administration (10). Those accident costs 
recommended by the Federal Highway Administration and recommended for use in 
determining improvement benefits areas follows: 1) Fatality - $1 , 500,000, 2) Injury 
- $ 1 1,000, and 3) Property Damage Only - $2,000. Therefore, the combination of 
accident reduction factors, accident severity from the historical data at a specific 
location, and costs for each accident severity level will result in an accident 
reduction benefit (cost savings) associated with each improvement alternative. 
ANALYZE COST-EFFECTIVENESS 
The final step in the process of evaluating roadside safety needs is to 
combine cost and benefit data to determine the cost-effectiveness of alternative 
improvements. A simple listing of improvement alternatives in order of decreasing 
benefit-cost would provide information to allow selection of locations with the 
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greatest benefit-cost ratio. However, with restrtcted budget amounts available, it 
would be appropriate to use a budget optimization procedure to select those 
alternatives such that maximum benefits could be derived. 
Input required for the budget optimization procedure includes the following: 
1) number of locations to be analyzed, 
2) budget levels to be considered, 
3) costs assigned to each accident severity, 
4) interest rate, 
5) traffic growth rate, 
6) accident history, 
7) alternatives for reducing accidents, 
8) expected improvement life, 
9) , improvement cost, 
10) annual maintenance cost, and 
1 1) expected reductions in accidents due to improvements. 
Documentation of a procedure for budget optimization was prepared by 
Crabtree and Mayes and adapted for the Highway Safety Improvement Program in 
Kentucky (24). Examples of input and output from this procedure are shown in 
Appendix H. It can be seen that budget optimization results in the selection of 
projects that are not necessarily in the same order as a ranking by decreasing 
benefit-cost ratio. 
Output from the budget optimization procedure will be a listing of information 
for each location; consisting of the location number, the location name, the accident 
history, the input for each improvement alternative, and the benefit-cost ratio for 
each alternative. For each budget specified, a listing will be provided showing the 
selected alternative at each location, alternative costs and benefits, and the benefit­
cost ratio. 
In general, budget optimization will provide a listing of selected projects and 
selected alternatives for a given budget. If a certain amount of money is designated 
for roadside safety improvements, this procedure will allow maximum benefits to be 
achieved. 
SUMMARY OF RESULTS 
Following is a summary of significant results related to this investigation of 
standards and guidelines for guardrail installations. 
l .  From a previous survey of guardrail standards and guidelines, it was 
determined that only a few states suggested use of reduced guardrail 
standards. Georgia, Pennsylvania, and Indiana were exceptions, with lower 
standards considered only for low volume, low speed roads. 
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2. The AASHTO "Roadside Design Guide" (4) offered general guidance related to 
roadside safety and suggested that states develop their own warranting 
criteria for clear zones and embankments based on localized cost­
effectiveness. 
3. Kentucky's guardrail policy requires administration of an annual Guardrail 
Improvement Program, including a cost-effectiveness ranking for each location 
based on a statewide inventory. 
4. A computer program (ROADSIDE) from the "Roadside Design Guide" (4) was 
modified and used to develop warranting guidelines for clear zones and 
embankments based on accident severities and costs representative of 
Kentucky conditions. 
5. A review of literature was conducted to determine the types of guardrail 
hardware recommended for low service level roads. In general, there were few 
exceptions to the "Barrier Guide" (1) and the "Roadside Design Guide" (4). 
Several operational barrier systems are presented in the "Roadside Design 
Guide" that may be considered for low service level roads when the W-beam, 
blocked-out guardrail is not practical. 
6. A procedure was developed to identify and primitize locations in need of 
guardrail based on the following steps: 
a) Development of critical numbers and rates of run-off-road accidents, 
b) Preparation of a list of locations with critical rates of run-off-road 
accidents, 
c) Development of a hazard-index point system, 
d) Conducting a field survey, 
e) Tabulation of hazard-index points, 
f) Determination of improvement costs, 
g) Determination of improvement benefits, and 
h) Analysis of cost-effectiveness. 
IMPLEMENTATION 
A procedure was developed to identify and prioritize highway sections in need 
of guardrail. This procedure will permit adoption of a systematic process of 
identifying locations with the greatest need for guardrail. Based on an initial 
selection of locations with critical numbers and rates of run-off-road accidents, a 
field survey will be required to catalog operational and cross-section characteristics 
for input into a hazard-index point system. It is recommended that locations be 
categorized in decreasing order of hazard-index points statewide and for 
subcategories such as district, county, or highway class. When only guardrail is 
considered as an improvement altemative, the need for guardrail can be determined 
based on a comparison of cross-section characteristics with criteria presented in 
Table 2 for clear zones and Table 4 for embankments. These criteria or warranting 
guidelines were developed using the computer program (ROADSIDE) from the 
"Roadside Design Guide" (4) based on accident severities and costs representative 
of Kentucky conditions. Whether only guardrail or other alternatives are 
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considered, sufficient information will be available to determine improvement 
priorities based on cost-effectiveness and budget optimization. 
Guardrail hardware for low service level roads were identified from a review 
of literature: and where the need to consider guardrail when the W-beam, blocked­
out barrier is not practical; weak-post, box beam and cable systems presented in 
the "Roadside Design Guide" (4) should be considered. 
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TABLE 1 .  CLEAR ZONE DISTANCES (ROADSIDE DESIGN GUIDE) 
(REFERENCE 4 )  
============================================================================= 
TABLE 3.1. Clear Zooe Distances (Ill feet l'rom edge of driving lane) 
Deaigr Design FILL SLOPES 
Speed ADT 6 : 1  or 5 : 1  to 
flatter 4 : 1  
40 MP Under 7 50 7-10 7-1 0 
or 750-1500 10-12 12-14 
less 1 500-6000 1 2- 1 4  14-16 
Over 6000 14-16 16-18 
Under 7 5{) 10-12 1 2-14 
45-50 750-1500 12-14 16-20 
MPH 1500-6000 16- 1 8  20-26 
Over 6000 18-20 24-28 
Under 750 1 2-14 14-18 
55 750-1500 16-18 20-24 
MPH 1500-6000 20-22 24-30 
Over 6000 22-24 26-32* 
Under 7 50 16-18 20-24 
60 750-1500 20-24 26-32" 
MPH 1500-6000 26-30 32-40* 
Over 6000 30-32* 36-'44* 
Under 7 50 1 8-20 20-26 
65-70 750-1500 24-26 28-36* 
MPH 1500-6000 28-32" 34-42* 
Over 6000 3Q-34* 38-46* 
• Where a site specific investigation indicates a high proba­
bility of continuing accidents, or such occurrences are indi­
cated by accident history, the designer may provide clear 
zone distances greater than 30 feet as indicated. Clear zones 
may be limited to 30 feet for practicality and to provide a 
consistent roadway template if previous experience with 
similar projects or designs indicates satisfactory perfor­
mance. 
•• Since recovery is less likely on the unshielded, travers­
able 3 :  1 slopes, fixed objects should not be present in the 
vicinity of the toe of these slopes. Recovery of high speed 
CUT SLOPES 
3 : 1  3 : 1  4 : 1  to 6 : 1  or 
5 : 1  flatter 
""' 7-10 7-10 7-10 
"* 10-12 10-1 2 10-12 
** 1 2-14 12-14 12-14 
** 14-1 6 14-16 14-1 6 
** 8-10 8-10 10-12 
** 10-1 2 12-14 14-16 
** 1 2- 1 4  14-16 16-18 
** 14-16 18-20 20-22 
*" 8-10 10-12 10-12 
** 10-12 14-16 16-18 
"" 14-1 6 16-18 20-22 
"" 16-18 20-22 22-24 
"* 10-12 12-14 14-16 
** 1 2-14 16-18 20-22 
** 1 4-18 18-22 24-26 
** 20-22 24-26 26-28 
** 10-12 14-16 14-16 
** 1 2-16 18-20 20-22 
** 16-20 22-24 26-28 
** 22-24 26-30 28-30 
vehicles that encroach beyond the edge of shoulder may be 
expected to occur beyond the toe of slope. Determination of 
the width of the recovery area at the toe of slope should take 
into consideration right of way availability, environmental 
concerns, economic factors, safety needs, and accident his­
tories. Also, the distance between the edge of the travel 
lane and the beginning of the 3 : 1 slope should influer.ce the 
recovery area provided at the toe of slope. While the appli­
cation may be limited by several factors, the fill slope pa­
rameters which may enter into determining a maximum 
desirable recovery area are illustrated in Figure 3.2. 
20 
TABLE 2 .  CLEAR ZONE DISTANCES* 
========================================================= 
CLEAR ZONE D I STANCE ( FEET) 
TRAFFIC SPEED 
TRAFFIC 
VOLUME (ADT) 40 MPH 50 MPH 60 MPH 
2 5 0  * *  3 1 2  
500 * *  9 1 6. 
1 , 00 0  5 1 3  19 
2 , 000 9 1 6  21 
3 , 000 1 1  1 8  2 2  
4 , 000 13  1 8  2 2  
5 , 000 1 4  1 9  2 3  
Over 5 , 00 0 . 1 5  2 0  2 3  
- - - - - - - - - -r - - - - - - - - - - - - -- - � - - - - - � - - - - - - - - - - - - - - - - - - - - - - - -
* The minimum clear zone d i s t ance needed w i thout the 
installat ion of guardrai l .  
* *  An ADT of 700 was needed before the minimum two-foot 
clear zone would be requ i r e d .  
No te : Refer t o  text section t i tled "Guardrail Need 
Guidelines'' in development of table . 
TABLE 3 .  SEVERITY INDEX VERSUS EMBANKMENT HEIGHT AND SLOPE* 
================================================�================ 
EMBANKMENT 
HEIGHT (FT)  3 : 1  2 : 1  
SLOPE 
1 - 1 / 2 : 1  1 : 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - -
3 2 . 4 7  2 .  7 1  2 .  9 6  3 . 44 
8 2 . 5 1  2 . 7 5 2 . 9 9  3 . 4 7  
1 5  2 . 5 6 2 . 8 0 3 . 04 3 . 5 2  
2 5  2 . 6 3 2 . 8 7 3 . 1 1 3 . 5 9  
3 5  * *  2 . 9 4 3 . 1 8  3 . 6 6  
4 5  * *  3 . 0 1 3 . 2 5  3 . 7 4 
6 0  * *  3 . 1 2 3 . 3 6 3 . 8 4  
* Severity Index ( S I )  i s :  S I  = ( 9 . 5 (K+A) + 3 . 5 (B+C) + PDO ) /T 
where K = fatal accident , 
* *  No d a t a .  
A = incapacitating inj ury accident , 
B = non-incapa c i tating i n j ury accident , 
C = ' 'possible '' inj ury acc ident , and 
T = total acci dent s .  
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TABLE 4 .  EMBANKMENT GUIDELINES 
========================================================= 
TRAFFIC 
VOLUME (ADT ) 
2 5 0  
500 
1 , 000 
2 , 0 00 
3 , 00 0  
4 , 000 
5 , 00 0  
Over 5 , 00 0  
EMBANKMENT HEIGHT ( FT ) * 
SLOPE** 
2 : 1  
40 
3 1  
2 4  
2 0  
1 8  
17 
16 
1 5  
• The minimum embankment height needed wi thout 
the instal l ation of guardr ai l .  
* *  Guardrail not warranted f or s l op e  o f  3 : 1  or 
f l at t e r . Guardrail wonld be warranted f or a 
slope s t e eper than 2 : 1  w·hen the embankment 
height was above a minimum level of about 
5 f e e t . 
Not e :  R e f e r  t o  text sect ion t i t l ed ''Guar dr a i l  Need 
Guide l ines" for methodology used in development 
o f  tabl e .  
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TABLE 5 .  DIRECTIONAL ANALYSIS CODES USED TO DETERMINE 
RUN-OFF-ROAD ACCIDENTS 
======================================================================== 
CODE 
NUMBER 
1 3  
40 
43 
5 1  
5 2  
5 3  
5 4  
5 5  
6 0  
6 5  
6 6  
6 7  
Code No . 1 3  
40 
4 3  
5 1  
5 2  
5 3  
5 4  
5 5  
6 0  
6 5  
6 6  
6 7  
NUMBER OF ACCIDENTS 
1 9 8 3  1984 1985 1986 1 9 8 7  
1 , 407 1 , 2 7 6  1 , 5 69 2 , 07 5  1 , 7 95 
1 2 , 8 3 8  1 3  ' 8 1 8  1 2 , 90 8  1 1 , 899 1 2 , 57 4  
6 , 06 8  7 , 13 8  6 , 9 5 7  6 , 5 2 4  7 , 3 1 1  
24 19 1 5  3 7  1 7  
1 0 3 4 0 
2 2 8  6 6  6 5  7 3  4 1  
1 7 5  6 6  8 2  45 46 
8 1 1  3 5 5 
3 0  9 5 0 5 
3 5  2 5 2 2 
4 2  2 1  1 8  52 1 6  
2 1  1 4  19 1 8  8 
- Int - collision wtih a f i xed obj e c t  - s ing l e  vehic l e  
- Non-int - collis ion with f ixed ob j ect - single vehicle 
- Non-int - ran o f f  roadway - s ingle vehicle 
- Non- int bridge - collision w i th approach guardrail 
- Non-int bridge - gap between bridges 
- Non- int bridge - collis ion with bridge abutment 
- Non-int bridge - collis ion with br idge r a i l  or curb 
- Non- int bridge - went through or over bridge rail 
- Non-int bridge - ran off road after losing control on 
bridge 
- Non-int r amp - col l i s ion with f ixed obj ect i n  gore -
s ing l e  vehicle 
- Non-int ramp - collis ion with f ixed boj ect not i n  gore -
s ingle vehicle 
- Non-int ramp - ramp vehicle ran off roadway - s ingle 
veh i c l e  
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TABLE 6 .  SEVERITY OF FIXED OBJECT AC CIDENTS ( 1 9 84 - 1 9 8 6 )  
======================================================================================= 
NUMBER OF ACCIDENTS PERCENTAGE 
FIXED 
OBJECT 
--- ------------------- ----- ------------- SEVERITY COST ( $ ) /  
FATAL INJURY PDO TOTAL FATAL INJURY INDEX* ACCIDENT** 
Guardrail 
Br idge 
Tree 
U t i l it y  Pole 
S ign 
Culvert/ Headwall 
Curbing 
Earth Embankment/ 
Rock Cut /Ditch 
Building/Wall 
Crash Cushion, 
Fence 
Median Barrier 
F i r e  Hydrant 
7 5  
3 0  
2 1 5  
5 4  
1 7  
5 0  
1 3  
2 0 9  
7 
3 
4 3  
1 3  
2 
1 8 8 9  
6 1 1  
4057 
3 1 6 4  
5 6 2  
1 2 7 7  
3 8 0  
8 1 9 1  
4 7 9  
5 6  
1497 
581 
1 1 2  
2 0 9 6  
8 9 7  
3 5 2 2  
4 5 7 8  
2 0 6 1  
1 1 8 6  
1042 
8205 
2859 
105 
4 9 5 0  
9 7 9  
4 8 9  
5060 
1 5 3 8  
7 7 9 4  
7 7 9 6  
2 6 40 
2 5 1 3  
1 4 3 5  
16605 
3345 
1 6 4 
6490 
1 5 7 3  
603 
1 . 48 
1 .  95 
2 . 7 6 
0 . 6 9 
0 . 6 4 
1 .  9 9  
0 . 9 1 
1 . 2 6  
0 . 2 1 
1 . 8 3 
0 . 6 6  
0 . 8 3 
0 . 3 3 
3 7 . 3  
3 9 . 7  
5 2 . 1  
40 . 6  
2 1 . 3  
5 0 . 8  
2 6 . 5  
49 . 3  
1 4 . 3  
3 4 . 1  
2 3 . 1  
3 6 . 9  
1 8 . 6  
2 . 67 
2 . 95 
3 . 5 2  
2 . 6 8 
1 .  9 1  
3 . 3 8  
2 . 1 6 
3 . 1 4  
1 . 5 6 
2 . 5 6 
1 . 9 6  
2 . 5 9 
1 .  7 0  
* Severity Index ( S I )  = ( 9 . 5 ( F  + A )  + 3 . 5 ( B + C ) + PDO) /Total Accidents 
* * Based on FHWA accident cost e s t imates of $ 1 , 700 , 000 for a fatal accident , 
$14 , 00 0  for an inj ury accident , and $ 3 , 00 0  for a property-damage-only 
acc i d ent . 
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3 2 , 2 6 0  
4 0 , 4 7 1  
5 5 , 5 3 8  
1 9 , 2 1 9  
1 6 , 2 6 9  
4 2 , 3 5 4  
2 1 , 2 8 6  
2 9 , 7 8 6  
8 , 1 2 6  
3 7 , 7 9 9  
1 6 '  7 8 1  
2 1 , 08 8  
1 0 '  6 7 2  
TABLE 7 .  STATEIIIDE AvrnAGE AND CRITICAL NUMBERS OF R-o-R ACCIDENI'S FOR 0. 3-MILE 
AND ctiE-MILE SJOCTIOOS BY HIGHWAY T'lPE CLASSIFICATIOO (1983-1987) * 
ACCI!lEm'S PER ACCIDOO'S PER mE-MILE 
0.3-MILE SECTIOO SJOCTIOO 
RURAL 
OR CRITICAL CRITICAL 
IJRBl\N HIGHWAY T'lPE AVERAGE NUMBER AVERAGE NUMBER 
Rural one-Lane 0.20 2 0.67 3 
Two-Lane 0.63 3 2.10 6 
'lhree-Lane 1.64 5 5 .46 12 
Four-Lane Divided 1.36 5 4.54 11 
(Nan-Interstate or Parkway) 
Four-Lane Undivided 2 . 30 7 7.67 15 
Interstate 2.21 7 7.37 15 
· Parkway 0.74 3 2.46 7 
All Rural 0.68 3 2 .26 7 
Urban Two-Lane 2.75 8 9.18 17 
'lhree-Lane 3.00 8 10.00 19 
Four-Lane Divided 3.48 9 11.59 21 
(Non-Interstate or Parkway) 
Four-Lane Undivided 4.27 10 14.24 24 
Interstate 8.56 17 28.53 43 
Parkway 1 . 28 5 4.26 10 
All Urban* · 3.48 9 11.60 21 
* Includes small number of miles of one-, five-, and six-lane highways. 
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TABLE 8 .  STATEWIDE RURAL RUN-OFF-THE-ROAD ACCIDENT RATES BY HIGHWAY 
TYPE CLASSIFICATION (1983-1987)  
==================================================================== 
HIGHWAY TYPE 
One-Lane 
Two-Lane 
Three-Lane 
Four-Lane Divided 
(Non-Interstate or Parkway) 
Four-Lane Undivided 
Interstate 
Parkway 
All 
* Average for the f ive year s .  
TOTAL 
MILEAGE* 
3 2 8  
21 , 2 8 8  
15  
2 9 3  
6 0  
5 7 6  
545 
2 3 , 106 
2 6  
AADT 
200 
1 , 220 
2 , 280 
7 , 460 
8 , 460 
1 8 , 380 
4 , 080 
1 , 800 
RUN-OFF-THE-ROAD 
ACCIDENT RATE 
(ACCIDENTS PER 
100 MVM) 
1 8 3  
94  
1 3 2  
3 3  
50 
2 2  
3 3  
6 9  
TABLE 9 .  STATEWIDE URBAN RUN-OFF-THE-ROAD ACCIDENT RATES BY HIGHWAY 
TYPE CLASSIFICATION ( 1983-1987)  
===================================================================== 
HIGHWAY TYPE 
Two-Lane 
Three-Lane 
Four-Lane · Divided 
(Non-Interstate or Parkway) 
Four-Lane Undivided 
Interstate 
Parkway 
All 
* Average for the f ive year s .  
TOTAL 
MILEAGE* 
1 , 16 1  
11 
258 
168 
1 5 9  
4 0  
1 , 807 ** 
AADT 
6 , 240 
9 , 3 5 0  
18 , 940 
18 , 270 
4 4 , 5 3 0  
6 , 780 
1 2 , 650 
RUN-OFF-THE-ROAD 
ACCIDENT RATE 
( ACCIDENTS PER 
100 MVM) 
81 
5 9  
34  
43  
3 5  
34  
5 0  
** Includes small number o f  miles o f  one- , five- , and six-lane highway 
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FATALITY COST = $ 1 , 5 0 0 , 0 0 0  
2 .  SEVERE INJURY COST = $ 3 9 , 0 0 0  
3 .  MODERATE INJURY COST = $ 1 2 , 0 0 0  
� .  SLI GHT INJURY COST = $ 6 , 0 0 0  
5 .  PDO LEVEL 2 COST = $ 2 , 0 0 0  
6 .  PDO LEVEL 1 COST = $ 2 , 0 0 0  
7 .  ENCROACHMENT MODEL = ENCRATE * ( ADTe f f  � ENC . POWER l ENCROACHMENTS/MILE /YR 
8 .  
9 .  
1 0 . 
1 1 .  
1 2 . 
1 3 . 
= 0 . 0 7 2 8 5 0 0  * ( ADTe f f  � 0 . 5 9 3 5 0 0  ) ENCROACHMENTS/MILE /YR 
ENCROACHMENT ANGLE AT � 0  MPH = 17 . 2  DEGREES 
ENCROACHMENT ANGLE AT 5 0  MPH = 15 . 2  DEGREES 
ENCROACHMENT ANGLE AT 6 0  MPH = 1 3 . 0  DEGREES 
ENCROACHMENT .ANGLE AT 7 0  MPH = 1 1 . 6  DEGREES 
LIMTING TRAFFI C  VOLUME PER LANE = 1 0 , 0 0 0  VEHI CLES PER DAY 
SWATH WIDTH = 1 2  FT . 
1 � . RESET ALL GLOBALS TO DEFAULT STARTUP VALUES . 
DO YOU WISH TO CHANGE A PARAMETER VALUE ( Y /N l ?  
3EVERITY INDEX versus COST RELATIONSHIP 
SEVERITY INDEX 
0 . 0  
0 . 5  
1 . 0  
2 . 0  
3 . 0  
� . 0  
5 . 0  
6 . 0  
7 . 0  
8 . 0  
9 . 0  
1 0 . 0  
COST 
$ 0 
$ 2 .  0 0 0  
$ 2 , 5 2 2  
$ 3 , 5 8 0  
$ 2 0 , 8 1 0  
$ 5 3 , 1 9 0  
$ 1 3 0 , 9 2 0  
$ 2 8 3 , 5 8 0  
$ � 6 5 , 7 0 0  
$ 7 6 3 , 0 5 0  
$ 1 , 1 3 2 , 8 6 0  
$ 1 , 5 0 0 , 0 0 0  
Figure 6 .  Input Parame ters for ROADSIDE Computer Program. 
3 2  
ROADSIDE - Version � . 1  0 5 - 1 9 - 1 9 8 9  10 : 3 1 : 11> 
1 .  TITLE : clear zone 
2 .  INITIAL TRAFFIC VOLUME = 2 , 000 VEHICLES PER DAY 
PAGE NUMBER 3 
TRAFFIC GROWTH RATE = 2 .  5 % PER YEAR DESIGN YEAR ADT = 3 , 2 77 
LIMITING TRAFFIC VOLUME PER LANE 1 0 . 000 
3 .  UNDIVIDED HIGHWAY LANE ( S )  OF ADJACENT TRAFFIC = 1 .  LANE WIDTH 1 1 . 0  FT. 
� .  CURVATURE 0 . 0  DEGREES GRADE ( PERCENTAGE ) = 0 . 0  
5 .  INITIAL ENCROACHMENT FREQUENCY 0 . 0728 500 * ( TVeff ' 0 . 593500 ) 
TRAFFI C  BASELINE CURVATURE GRADE USER TOTAL 
VOLUME ENC. FACTOR FACTOR FACTOR ENC . 
ADJACENT 1 , 000 � . 3 9 4 7  1 . 00 1 . 00 1 . 0  4 . 3947 
OPPOSING 1 , 000 4 . 3 9 o 7  1 . 00 1 . 00 1 . 0  4 . 39�7 
6 .  DESIGN SPEED = 50 MPH ENCROACHMENT ANGLE 15 . 2  SWATH WIDTH = 1 2 . 0  
7 .  LATERAL PLACEMENT ( A )  
LONGITUDINAL LENGTH ( L )  = 
WIDTH OF OBSTACLE 
ZONE1 
ADJACENT 0 . 00 3 1  
OPPOSING 0 . 00 3 1  
8 .  INITIAL COLLISION FREQUENCY 
EXPECTED IMPACTS OVER PROJECT 
ADJACENT CFT= 0 . 0047 CF1 
OPPOSING CFT= 0 . 0020 CF4 
22 . FT. 
1 .  FT . 
1 .  FT. 
ZONE2 
0 . 03 8 1  
0 . 03 8 1  
0 . 007 
LIFE = 
= 0 . 0002 
0 . 0001 
ZONE3 
0 . 0008 ENCROACHMENTS/YEAR 
0 . 0008 ENCROACHMENTS/YEAR 
IMPACTS PER YEAR 
0 . 17 2  
CF2 = 0 . 0043 CF3 
CF5 = 0 . 0019 CF6 
0 . 0001 
0 . 0001 
9 .  SEVERITY INDEX = 2 . 50 2 . 50 2 . 50 2 . 50 
SIDEUP SIDEDOWN UP CORNER DOWN CORNER 
ACCIDENT COST = $ 1 2 , 1 9 5  $ 12 , 1 9 5  $ 12 , 19 5  $ 12 , 195 $ 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM SIDE OF HAZARD $ 
2 . 50 
FACE 
12 , 1 9 5  
3 
1 0 .  
1 1 .  
1 2 .  
13 . 
H .  
1 5 .  
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM SIDE OF HAZARD $ 
INITIAL COST/YEAR IMPACTS WITH UPSTREAM CORNER OF HAZARD $ 
INITIAL COST/YEAR IMPACTS WITH DOWNSTREAM CORNER OF HAZARD $ 
INITIAL COST/YEAR IMPACTS WITH FACE OF HAZARD $ 
PROJECT LIFE = 20 YEARS 
KT = 10 . 59 4  KJ • 0 . 2 58 
COST OF INSTALLATION 
COST OF REPAIR $ SU= 500 
MAINTENANCE COST PER YEAR 
SALVAGE VALUE 
TOTAL PRESENT WORTH 
HIGHWAY DEPARTMENT COST 
INSTALLATION COST • 
REPAIR COST 
MAINTENANCE COST = 
SALVAGE VALUE = 
ACCIDENT COST = 
TOTAL INITIAL ACCIDENT COST $ 
DISCOUNT RATE = 7 . 0 % 
CRF = 0 . 09 4  KC 1 2 . 9 7 1  
= $ 2 , 000 . 
SO• 500 CU= 500 CD= 500 
$ o .  
• $ 0 .  
$ 3 . 09 6 .  ANNUALIZED $ 
= $ 2 , 04 3 .  ANNUALIZED $ 
$ 2 . 000 . ANNUALIZED $ 
$ 4 3 .  ANNUALIZED $ 
$ o .  ANNUALIZED $ 
$ 0 .  ANNUALIZED $ 
$ 1 , 0 5 3 . ANNUALIZED $ 
F= 
2 9 2 .  
1 9 3 .  
1 8 9 .  
4 .  
o .  
o .  
9 9 .  
1 
5 3  
2 3  
2 
8 1 .  
500 
Figure 7 .  Exampl e  Input and Output from ROADSIDE Computer Program. 
3 3  
·'llRT N O .  R l 355 
)GRAM NO. V0429 KENTUCKY ACC I DENT REPORT I�G SYSTEM DATE OZ/08/89 
L ECT I IN  FAC TOR: CTY All LOCAT ION RATES AND AVERAGE D A I L Y  TRAFF I C  VOLUMES FROM O I / 0 1 / R3 TO 1 2 /3 1 / 8 7  
�NTY ROUTE 
20 tnBl  
76 0595 
·1 9 ___ 0547-
BEG ! N >H N G  
� ! L E POST 
01 1 .000 
E ND I NG 
M I L EPOST 
- - - ·  O l l .900 
001 .000 0 0 1 . 900 
o·oi :ioo _ _  oo2: oao 
000.300 0 01 . 200 
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H 
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1% 
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- --02 0 .400 021 . 300 
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R 
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R 
R 
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u 
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120 1 6 95 000.500 0 0 1 . 400 1 
056 1 02 �  
0 1 9  0547 
059 t s z q  
025 04 1 8  
OJ4 1927 
059 ton 
009.400 
004.200 
002 . 000 
003.400 
004.700 
ooo.ooo 
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005 . 100 
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004 . 5 00 
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000. 900 
· o5& ___ 12 3 ,---ii o�-ooo ___  ooo. 90o 
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69 
� 1  
28 
1 6  
- ··-
1 8  
47 
2 1  
1 1  
1 6  
l6b 
2 
2 
4 
2 
2 
2 
2 
2 
2 
2 
4 
4 
AVERAGE D A I LY 
TRAFF I C  
157 
312 
1 18 5  
578 
6730 
647 
281 
236 
31)5 
1 0195 
584 
8480 
6 1 2  
586 
1479 
156 
18176 
1864 
1963 
836 
1 0 19 
4871 
1 493 
453 
3726 
58541 
EPDO 
. 2 5. 0  
46. 5 
122. 5  
7 5 . 0 
1 0 2 . 0  
64.0 
43 . 5  
2 2 . 0  
3 3 . 0  
1 8 2 . 0  
5 9 . 0  
2 2 0 . 0  
39. 5 
64. 0  
52 . 5  
'l . 5  
H 4 . 5  
107.0 
70. 0 
3 1 . 0  
5 1 . 0  
U 8. 5  
54. 0 
1 8 . 5  
72.0  
467.5 
Figure B .  Exampl e  Printout o f  Loeations with Run-Off-Road Critieal Rate Faetor. 
ACC I DENT 
RATE 
4 8 . 86 
29. 7 1  
1 8.03 
2 1 . 8 0  
4 .2 3  
1 7 . 7 8  
2 5 . 3 5  
2 5 . 54 
19.76 
2 .69 
14.07 
5.30 
l3olt3 
13. 0'1 
8 . 89 
2 4 . 59 
2 . 01 
7 . 94 
7 . 82 
1 0 .49 
9 . 6 8  
s . 2e 
7. 11 
1 3 . 3 1  
2 . 3 5  
l e 5 5  
CRIT ICAL 
RATE 
7 . 2 7  
4 . 6 1  
2 . 83 
3 .80 
o .ao 
3 .62 
5 .34 
5 .84 
5 . 13 
o .n 
3 . 7 8  
l o4 3  
3 .70 
3 . 7 8  
2 . 6 1  
7 .30 
0 .60 
2 . 40 
Z o 36 
3 .25 
3 .00 
l o 64 
2e40 
4 .24 
0 . 1 5  
o .so 
P AGE 1 
CRITICAL 
R ATE FACTOR 
6 . 7 2  
6.44 
6 . 37 
5 . 74 
5 . 29 
'o o 'l l  
4 . 7 5  
4 . 37 
3 . 8 5  
3 . 711 
3.72 
3 , 1 1  
3 . 63 
3.46 
3 . 4 1  
3 .37 
3 . 3 5  
3 . 3 1  
3 . 3 1  
3 . 2 3  
3 o21 
3 . 22 
3 . 2 1  
3 . l lt  
3. 1 3  
3 . 10 
·-·· 
_, ! 
"· 
".l 
,.,.-: · -
_::r:  
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Figure 9 .  Example Printout of Detailed Information Presented for Locations with Critical 
Rate Factors Greater than 1 . 0 . 
Figure 1 0 . P o i n t - S y s tem Rating , Accident H i s tory , Operational 
Character i s t i c s , and Cro s s - S e c t i on .  
1. Hazard Index rating of section based on number of accidents 
(Run-off-road accidents} (15 Points} . 
Rural Sections Urban Sections 
Minimum Minimum 
Nulilber of Number of 
Accidents Accidents 
Type of 0.3  1 .0  Type of 0.3 1.0 
Road Mile Mile Points Road Mile Mile Points 
1-Lane 2 3 5 2-Lane 8 17 5 
3 4-5 10 9-12 18-26 10 
> 5 ) 5 15 } 12 } 26 15 
2-Lane 3 6 5 3-Lane 8 19 5 
4-5 7-9 10 9-12 20-29 10 
} 5 } 9 15 } 12 } 29 15 
3-Lane 5 12 5 4-Lane Div. 9 21 5 
6-8 13-18 10 10-14 22-32 10 
} 8 } 18 15 } 14 } 32 15 
4-Lane Div. 5 11 5 4-Lane 10 24 5 
6-8 12-17 10 Undiv. 11-15 25-36 10 
} 8 } 18 15 } 15 } 36 15 
4-Lane Undi v. 7 15 5 Interstate 17 43 5 
8-11 16-23 10 18-26 44-65 10 
} 11 } 23 15 } 26 } 65 15 
Interstate 7 15 5 Parkway 5 10 5 
8-11 16-23 10 6-8 11-15 10 
} 11 > 23 15 ) 8 > 15 15 
Parlrnay 3 7 5 
4-5 8-11 10 
} 5 ) 11 15 
2. Hazard Index rating of section based on accident rate (Run-Qff-road 
accidents) (15 Points) . 
Rural Sections Urban Sections 
llin:imum Minimum 
Accident Accident 
Type of Rate* Type of Rate• 
Road (Acc/100 IIVM) Points Road (Acc/100 IIVM) 
1-Lane 183 15 2-Lane 
2-Lane 94 15 3-Lane 
3-Lane 132 15 4-Lane Div. 
4-Lane Div. 33 15 4-Lane tJndi v. 
4-Lane Undi v. 50 15 Interstate 
Interstate 22 15 Parkway 
Parkway 33 15 
* Assign 15 points if Critical Rate Factor is 1.0 or greater. 
3 .  Hazard Index rating based on traffic volume (10 Points) . 
AAtll' Points 
Q-100 0 
101-500 2 
501-1,000 4 
1,001-2, 500 6 
2, 501-5,000 8 
> 5,000 10 
4. Hazard Index rating based on highway speed (speed limit or prevailing 
speed if less than speed limit) (10 Points) .  
Speed (mph) 
25 or less 
26-35 
36-45 
46-55 
56-65 
0 
3 
5 
7 
10 
81 
59 
34 
43 
35 
50 
Points 
15 
15 
15 
15 
15 
15 
5. Hazard Index rating based on roadway cross-section (50 Points) . 
a) Average lane and shoulder width (outside lane and shoulder width for 
roads with I!Pre than 2 lanes) (10 points) 
Points bv Volume Cateaorv 
Width (feet) Q-500 501-1,000 1,001-2,500 >2,500 
I!Pre than 20 0 0 0 0 
18-20 2 1 2 3 
15-17 2 3 4 5 
11-14 3 5 6 7 
10 or less 4 6 8 10 
b) Average roadside recovery distance (including shoulder width) (10 Points) 
Distance Points bv Volume Cat!l!J:Q!Y 
(feet) Q-500 501-1,000 1,001-2,500 >2,500 
30 or I!Pre 0 0 0 0 
2Q-29 2 1 2 3 
1D-19 2 3 4 5 
5-9 3 5 6 7 
4 or less 4 6 8 10 
c) Typical embankment slope (10 Points) 
Points by Volume Category 
Slope Q-500 501-1,000 1,001-2,500 >2,500 
5:1 or flatter 
4:1 
3:1 
2:1  
1:1  or steeper 
0 
0 
2 
3 
4 
d) Typical embankment height (10 Points) 
Height 
(feet) o-500 
5 or less 0 
6-10 0 
11-20 2 
21-30 3 
I!Pre than 30 4 
0 
1 
3 
5 
6 
0 
2 
4 
6 
8 
Points by Volume Cat§92ry 
501-1,000 1,001-2,500 
0 0 
1 2 
3 4 
5 6 
6 8 
38 
0 
3 
5 
7 
10 
>2,500 
0 
3 
5 
7 
10 
e) Culvert Headwall or Culvert Opening Within 5 Feet of Travel Lane 
(5 Points) 
Yes - 5 Points 
No - 0 Points 
f) Average Roadside Hazard Rating (5 Points) 
(Based on a scale of 1 to 5 representing the degree 
of hazard associated with a 0.3-mile section) 
Subjective Rating 
1 
' 2  
3 
4 
5 
6. Swmnary of Points 
a) __ Number of Accidents 
b) __ Accident Rate 
c) __ Traffic Volume 
d) __ Highway Speed 
e) __ Lane and Shoulder Width 
1 
2 
3 
4 
5 
f) __ Roadside Recovery Distance 
g) __ Elnbankment Slope 
h) __ Elnbankment Height 
i) __ Culvert Presence 
j )  __ Subjective Roadside Hazard Rating 
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Figure 11. Road Cross-Section SUrvey Form and Condition Description 
1. Date: ____ (Month, Day, Year) 2 .  County: -----
3.  District: ---- 4. Route Number: 
5. Milepoint Beginning: Ending: --- Length: ---'--
6. Area Type (Check) : __ Rural Urban 
7 .  Terrain Condition (Check One) : __ Flat __ Rolling 
8. Average Daiiy Traffic: 
9 .  Speed Limit or Prevailing Speed if Less than Speed Limit: 
M:luntainous 
__ 25 mph or less , __ 26-35, __ 36-45 , __ 46-55 , __ 56-65 
10. Number of Lanes (Both Directions) : ___ _ 
11. Average Lane and Shoulder Width (Feet) (Round Down to Nearest llhole Number) : 
__ toore than 20, __ 18-20, __ 15-17 , __ 11-14, __ 10 or less 
12. Average Roadside Recovery Distance (Feet) (Excluding Culverts) (Including 
Shoulder Width) : 
__ 30 or toore, __ 2Q-29 , __ 1Q-19, __ 5-9, __ 4 or less 
13 . Typical fubankment Slope: 
__ 5:1 or flatter, __ 4:1, __ 3:1,  __ 2:1, __ 1:1 or steeper 
14. Typical fubankment Height (Feet) : 
__ 5 or less , __ 6-10 , __ 11-20, __ 21-30, __ toore than 30 
15. Culvert Headwall or Culvert Opening Within 5 Feet of Travel Lane: 
Yes No 
16. Average Roadside Hazard Rating: 
__ 1, ___ 2, __ 3 ,  ___ 4 ,  __ 5 
17. Number of Run-off-Road Accidents in 0 .3-Mi.le Section (5-Year Period) : __ 
Critical Number of Run-off-Road Accidents 
18. Run-off-Road Accident Rate for 0. 3-Mile Section (5-Year Period) : __ 
Critical Run-off-Road Accident Rate: 
19. Critical Run-off-Road Accident Rate Factor: 
20. Number of Fatalities, Injuries , and PllO Accidents in 0.3-Mile Section 
(Run-off-Road) (5-Year Period) : 
__ Fatalities 
Injuries 
-- PllO Accidents 
40 
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Figure 12. Example Printout o f  Locations in Order of County , Route and Milepoint . 
APPENDIX A 
METHODS USED TO ADDRESS INADEQUATE GUARDRAIL HEIGHT 
GUARDRAIL HEIGHT 
Adequate guardrail height is an integral part of the standard guardrail system 
to assure redirectional capabilities and to prevent vaulting. The current standard 
height to the tope of the rail for W-beam guardrail with 6" x 8" wood posts or W6 
x 8.5 steel posts is 27 inches. Information presented in the AASHTO "Guide for 
Selecting, Locating, and Designing Traffic Barriers" recommends that height 
deviations greater than 3 inches warrant height corrections. 
Frequent causes of incorrect rail height are uneven embankment settlement; 
pavement overlays; sod, soil and debris build-up on the shoulder; and improper 
installation. Problems with guardrail height in Kentucky are the result of the 
effective height from ground surface to top of rail being less than the standard of 
27 inches. · A Detail Sheet has been prepared by the Kentucky Department of 
Highways, which provides information to assist in the field alteration of guardrail to 
raise the effective height. The "Modified Offset Block Type 1 "  is designed to permit 
raising the height of the guardrail a maximum of 9 inches. A copy of the Detail 
Sheet is attached and may be considered as an alternate procedure for corrective 
action when inadequate guardrail height exists. Following is a list of altemate 
procedures which may be used to address low guardrail height. 
1 .  Use of an adjustable blackout so that the effective height of the 
guardrail can be raised without removing the posts. This concept has 
been used in Kentucky; however, it appears that more widespread use 
is occurring in some other states. For example, Illinois has adopted 
an adjustable blackout design that permits raising the guardrail as 
much as 3 inches on two occasions that results in a total height 
increase of 6 inches. The blackout design is longer than the typical 
blackout, with the front side 13" long and the back side 18-7 /8" long; 
connected at an angle of 45 degrees. 
2. Another alternative is to use the concept of removing and reinstalling 
the entire guardrail system when the height is inadequate. This 
involves removing rail, posts, and blackouts; and then driving the posts 
back into the ground at a point near the miginal installation. The 
result is an installation at proper height and current standards 
otherwise, assuming that the hardware is adequate and meets current 
standards. This solution could be improved with the installation of 
adjustable blackouts, so that future needs to raise the guardrail could 
be accomplished with less effort. 
3. Overall adjustment of guardrail height by lifting the system the desired 
height is an altemative that apparently has been used on a limited 
basis. This procedure involves lifting the posts and rail by using some 
type of equipment with a hydraulic lift such as a high lift or front-end 
loader. Disadvantages of this system are that simply lifting the posts 
from the ground to the proper height does not insure that the height 
will be maintained for any significant period of time (it is likely that 
uneven post settlement will occur without redrtving the posts) . In 
addition, the procedure to lift the posts and rail is cumbersome and 
possibly difficult to accomplish. 
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APPENDIX B 
SUMMARY OF STATE SURVEY - WARRANTS AND GUIDELINES 
FOR INSTALLATION OF GUARDRAIL 
Alabama 
Alaska 
Arkansas 
Arizona 
California 
Colorado 
Connecticut 
SUMMARY OF STATES 
GUIDELINES FOR INSTALLATION OF GUARDRAIL 
1. 
2. 
3. 
1 .  
2. 
3. 
1. 
2. 
1 .  
2. 
1. 
2. 
clear zone width criteria down to under 250 ADT (same as 
Figure 3. 1 in Roadside Design Guide) 
embankment criteria (from Barrier Guide) applies to higher 
traffic volumes (over 3,000 ADT) and higher design speed 
rural roads with statement that, in general, it is not cost 
effective to require guardrail on lower traffic volume roads 
at every warranting location, 
no provision for lower guardrail standards 
embankment criteria curve based on accident data 
warrant criteria given as function of ADT by: 
a. height of fill and slope, 
b. water at toe of fill, 
c. alignment (curvature), 
d. road width, 
e. grade, 
f. climatic conditions. 
various types of guardrail (use weak post with no blackout 
but maintain clear distance behind) 
turned down is standard end treatment 
flared BCT used at the end of "length of need" in rural 
locations with a BCT attenuator assembly used where an 
opening occurs along the "length of need" 
use BCT where adequate recovery distance present (allow 
minimum BCT flare of 2 feet) 
no provision noted for no blackout 
use Barrier Guide as primary guideline for warrants and 
installations 
use W-beam with separate specifications for local roads 
and streets but no difference in post spacing or blackout 
requirements 
has detailed "Manual for Selecting, Locating, and Designing 
Guide Railing and Traffic Barriers" 
has warrants based on: a) embankments and b) clear 
zone 
3.  lists application of various types of guardrail 
4. clear zone distance varies with operating speed with 30 
feet for 50 mph and over, 25 feet for 30 to 50 mph, and 
20 feet for up to 30 mph 
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Delaware 
Florida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
l.  
2.  
1.  
2. 
3. 
4. 
5. 
1. 
1 .  
2. 
1 .  
2. 
l. 
2 . .  
1.  
2. 
developing a design manual to include the warrants, use, 
and choice of barriers 
· 
clear recovery area varied from a maximum of 30 feet for 
interstates and undivided highways with a design speed 
of 50 mph or more with a projected ADT of 1 , 600 or above 
to 20 feet foJ;" undivided highways with a design speed of 
50 mph or more with a projected ADT of less than 1 , 600 
(14 feet for projected ADT under 750) to 18 feet where 
right-of-way permits for divided or undivided roads with 
a design speed of 35 to 45 mph (14 foot minimum) to a 
minimum of four feet from the face of curb in curb and 
gutter sections with design speed of 45 mph or less. 
different guardrail designs not given for lower class 
highways 
figure from Barrier Guide for higher volume and speed 
roads for fill embankment warrant 
other figures for lower volume roads for warrants 
concerning slope and fill height (figures ranging from an 
ADT of 1 ,500 to 3,000 down to 400 or less) 
clear zone width criteria same as Figure 3. 1 in Roadside 
Design Guide 
examples of roadside obstacles warranting guardrail 
include rough rock cuts, large boulders, water over two 
feet in depth, lines of trees with over six-inch diameter, 
drop-off with slope steeper than 1 : 1  and depth over two 
feet, bridge piers, culverts, and post with area over 50 
square inches 
standards for design of guardrail given by type of highway 
but few differences 
use Barrier Guide for design and use of guardrail 
buried end treatment preferred 
four foot flare required for BCT 
reduced BCT flare to 1 foot minimum 
BCT only used where four-foot flare can be obtained; 
otherwise used buried end 
no indication of different standards for various highway 
types 
use Barrier Guide for warrants 
BCT is only end treatment used where terminal is exposed 
to oncoming traffic 
use BCT on new construction and reconstruction of high­
volume roads 
use turned-down where right of way prevents 4 foot offset 
5 0  
Louisiana 
Maine 
Maryland · 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
3. no indication of different guardrail design for various 
classes of highway 
1. 
2. 
3. 
1. 
2. 
1. 
2. 
1. 
2. 
1 .  
2. 
3. 
1. 
2. 
3. 
l. 
2. 
l. 
2. 
embankment warrant from Barrier Guide 
mlilimum design standard are given based on highway 
class, design speed, and ADT 
criteria given for adding guardrail at bridges on overlay or 
widening projects 
turned down or BCT end treatment used on interstates 
flared, non-breakaway end treatment used on primmy and 
secondary two-lane roads 
use Barrier Guide for warrants 
use blocked out W-beam with no mention of different 
standm·ds for lower types of highways 
standards do not show different specifications by highway 
type 
warrants are same for all roads, regardless of traffic 
volume 
have "Type A" guardrail with 12 foot. 6 inch spacing and 
no blockout in addition to other guardrail with 6 foot. 3 
inch spacing with blackout 
provision for post spacing of 12 feet, 6 inches where speed 
under 50 mph 
clear zones given as function of speed and side slope; 
adjustments are made for curvature and ADT 
nontraversable hazards within the clear zone warranting 
guardrail include rough rock cuts, large boulders, water 
more than two feet in depth, and shoulder drop-off with 
slope steeper thm1 1 : 1  and height over two feet 
use Barrier Guide warrants 
in fill sections install guardrail when slope greater than 3: 1 
and depth of fill greater than 10 feet 
acceptable end treatments and BCT, buried, and crash 
cushion 
did not use BCT, used turned down 
no warrants for type of end treatment to use 
prefer slope embedment end treatment over the BCT 
use BCT or modified turned down, 
on new construction, BCT installed out to desirable clear 
zone distance if lateral clear distance cannot be obtained 
5 1  
Nevada l. 
New Hampshire l. 
New Jersey 
New York 
New Mexico 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
2. 
l. 
2. 
3. 
4. 
l. 
2. 
l .  
2. 
l. 
2. 
no indication of modifying design standards for various 
classes of roads 
use embankment warrant from Barrier Guide but in rural 
condition, guardrail typically used on any slope steeper 
than 4: 1 
guardrails sometimes required to protect vehicles from 
deep ditches, water, or other hazards when foreslope is 4: 1 
or flatter 
use BCT if four-foot flare can be obtained; otherwise, use 
25-foot rail element 
for slope of 3: 1 or flatter, guardrail not required; need 
guardrail of 2: 1 with embankment height of 6 feet 
clear zone of 30 feet for speeds of 50 mph or more, 25 feet 
for 40 mph, and 20 feet for 30 mph 
gives recommended action for various fixed objects 
gives selection criteria for type of guardrail based on 
available deflection distance 
use both BCT and turned down 
use a cost effectiveness analysis for warrants using a 
computer program available 
use Barrier Guide for warrants and design 
turned down end used based on volume (less than 1 ,000 
ADT) and design speed (less than 50 mph) whenever 
shoulder width is insufficient to proVide standard flare; 
also use BCT 
use Barrier Guide as guide for warrants 
use turned down end treatment rather than BCT 
warrants based on Barrier Guide 
warrants based on Barrier Guide 
strong post and weak post (with no blackout) are used 
use Barrier Guide for guidance 
standard metal guardrail with 6 foot, 3 inch spacing with 
blackout with no indication of change in design for lower 
highway classifications 
no information concerning warrants 
BCT is only end treatment used 
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Tennessee 
Texas 
utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
l. 
2. 
l .  
2. 
l. 
2. 
l. 
2. 
l .  
2. 
l .  
2. 
l. 
2. 
refer to Barrier Guide for guidance 
for repair of damage to old sections of guardrail, generally 
replace in-kind Without upgrading to current standards 
turned down end used on all types of highways 
no information concerning warrants for guardrail 
installation 
use Barrier Guide for fill section embankment and clear 
zone warrants 
design speed is used to select end treatment; BCT used 
for design speed over 40 mph 
use flared, nonbreakaway end where design speed of 40 
mph or less 
use Barrier Guide for guidance for installations 
has strong post (with blackout) and weak post (no 
blackout) systems 
no information concerning guardrail warrants 
in new construction and reconstruction, preferred end 
treatment if to bury end in cut slope 
based on design year ADT and design speed, guardrail 
would be either at: a) 6 feet, 3 inches spacing with blocks, 
b) 12 feet, 6 inches spacing With blocks, or c) 12 feet, 6 
inches spacing Without blocks; also end treatment would 
be either a BCT, cut slope terminal, or flared not anchored 
turned down end treatment typical 
when use BCT, have two foot minimum offset 
use Barrier Guide warrant for embankments 
normally locate end at least 30 feet from pavement (in 
some cases, use minimum of four-foot parabolic flare for 
BCT) 
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APPENDIX C 
LOW SERVICE LEVEL AND WEAK POST 
GUARDRAIL SYSTEMS 

DEVELOP PERFORMANCE 
STANDARDS AND HARDWARE 
FOR LOW SERVICE LEVEL 
GUARDRAIL SYSTEM 
FINAl REPORT 
Prepared For 
National Cooperative Highway Research Program 
Transportation Research Board 
National Research Council 
C. E. Kimball 
K. L Hancock 
Southwest Research Institute 
San Antonio, Texas 
Southwest Research Institute Project 06-861 5  
January 1989 
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r 
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.. 
FRACTIONAl SERVICE LEVEl r s· 
OPTION A 
(FSlA) 
�'Ill '''"' 
w s· Beam: 2ea. 314 In cabtea 
Poat: 4 tilt Stael Hat Section 
Post Spacing: 1 8 11 - 0 in 
Bolt: 5/18 In dla. 
' 
:� 
r 
l:! 
� 
.. 
FRACTIONAl SERVICE lEVEl 
l' O"  
OPTION A (Al T) 
(FSLA All) 
"'m """ Beam: 2ea. 3/4 In cables 
.. ... 
Post: 53 X 5.7 Steel 
Post Spacing: 18 It - 0 In 
Boll: 5/18 1n dla. 
FRACTIONAL SERVICE LEVEL BARRIER SYSTEM CONFIGURATIONS 
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...L 
r ·-� 
;Ff 1:! •••• � ... FRACTIONAL SERVICE I..EVEL I' •• 
OPTION B 
(FSLB) 
""' :. '""' 
• ,.. I' ll"  Beam: 2aa. 314 In cables .,. 
'-., 11r dla. Post: 5 112 In dla. wood hole 
Post Spacing: 1 B ft - O in 
Bolt: 5/16 In dla. 
....__ 
,,.. 
-,;, 
�P D FRACTIONAL SERVICE LEVEL I' •• 
OPTION C 
(FSLC) 
a· ,. Beam: 1 2  ga. W-baam 
Post: 4 #/II Steel Hat Section 
Post Spacing: 12 ft - 6 1n 
Bolt: 5/18 In dla. 
FRACTIONAL SERVICE LEVEL BARRIER SYSTEM CONFIGURATIONS 
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114" -. 
D 
� FRACTIONAL SERVICE lEVEl I' ,. 
OPTION C (All'} 
(FSlC AlT) 
II' S"  Beam: 1 2  ga. W-lleam 
Post: S3 X 5.7 
Post Spacing: 1 2 fl · 6 ln 
' 
Bolt: 5/1 6 In dta. 
-
:1/4. -. 
) .......... 
) FRACTIONAL SERVICE lEVEl r r  OPTION D 
(FSlD) 
Beam: 12 ga. W-beam 
8' ,. 
Post: 5 112 In dta. wood 
Post Spacing: 1 2 ft .  6 In 
Boll: 5116 In dla. 
FRACTIONAL SERVICE LEVEL BARRIER SYSTEM CONFIGURATIONS 
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. 
AASHTO Designation 
Post 'IYJle 
Post spacing 
Beam 1)rpe 
Nominal Barrier Height 
Maximum Dynamic Deflection 
3-Strand C111ble 
Gl a 
S3 X 5.7 
steel 
16' 
3/4" dia steel 
cables 
27-30" 
11.5' 
4 lb/ft steel 
U-channel 
16' 
3/4" dia steel 
cables 
27" 
11.5' 
Sill" dia. 
modified 
wood 
12.5' 
3/4" dia steel 
cables 
28" 
11.5' 
Remarks: For shallow angle impacts, barrier damage is usually limited to several 
posts, which must be replaced. Cable damage is rare except in severe crashes. A 
crashworthy end terminal is critical in each of the cable systems, both to provide 
adequate anchorage to develop full tensile strength in the cable and to minimize 
vehicle decelerations for impacts on either end of an installation. 
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W-beam (Weak Post) 
24" 
u __ 
AASH10 Designation: G2 
Post Type 
Post Spacing 
Beam Type 
Nominal Barrier Height 
Maximum Dynamic 
Deflection 
6 3  
S3 x 5.7 steel 
12' X 6" 
12 gauge W-section 
. 30 to 33 inches. 
approximately 7' 
1: 
M 
-
Thrle Beam (Weak Post) 
S 3x5 . 7  po s t  wi th 
811x24"x�" soil plate 
AASHTO Designation: None 
Post 'JYpe 
Post Spacing 
Beam 'JYpe 
Nominal Barrier Height 
Maximum Dynamic 
Deflection 
S3 x S. 7 steel. 
12.5' 
10 Gauge Thrie-beam 
33" 
approximately 4' 
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1 27 11 I 
! I 
r5"d_ 
I 
• 
I 
• 
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AASHTO Designation: G3 
Post 'JYpe 
Post Spacing 
Beam 'JYpe 
Nominal Barrier Height 
Maximum Dynamic 
Deflection 
S3 x 5.7 steel 
6' 
6" x 6" x 0.180" steel 
tube 
27" 
approximately 5' 
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APPENDIX D 
CRITICAL RUN-OFF-ROAD ACCIDENT RATES 
FOR VARYING HIGHWAY SECTION LENGTHS 
TABLE Q-t. CRITICAL R-0-R ACCIDENT RATES FOR RURAL ONE-LANE 
SECTIONS !F IVE-YEAR PERI00 l ! 1983- t987l 
=============================================================================== 
AADT 
100 
200 
300 
�00 
soo 
- 700 
1 ,000 
1 ,500 
2,000 
2,500 
3,000 
CRITICAL ACCIDENT RATE !ACC/100 �VHl 
FOR THE G IVEN 
0.5 
1 , 884 
1 , 212 
1,03\ 
996 
BOB 
697 
&�?. 
517 
468 
435 
412 
SECTION LENGTH !MILES! 
1 ,272 
896 
745 
659 
602 
530 
�68 
412 
379 
3!i7 
341 
2 
996 
659 
561 
505 
468 
420 
379 
341 
319 
304 
293 
TAEcE 0-2. CRITICAL R-0-R ACCIDENT RATES FOR RUR,;L TWO-LANE 
SECTIONS !FIVHEAR f'ERIOD l ( 1993-1987l 
5 
602 
468 
412 
379 
357 
329 
304 
281 
267 
258 
251 
10 
409 
379 
341 
319 
304 
284 
267 
251 
242 
236 
231 
====================================================================�====================== 
CRITICAL �CC!DEl<T RATE tACC/100 HVMi 
FOR THE 61VEH 
SECTION LENGTH tKILESl ------------------------------------------------------------ ------------
MDT o.s 1 � 5 10 20 --------------------------------------------------------------------------------- ----------
100 1 ,470 954 645 4 1 1  307 239 
300 755 523 379 264 210 174 
500 574 41 1 307 222 182 !55 
1 , ooo 41 I 307 239 162 155 m 
1 , 500 344 264 210 165 144 129 
2,000 307 239 194 155 137 124 
3,000 264 2 !0 174 144 129 119 
4 , 000 239 194 163 137 124 115 
5, 000 222 162 155 132 121 1 1 3  
6, 000 210 174 150 129 119 1 I 1 
7 , ovo 201 168 146 126 117 1 10 
e, ooo 194 163 14� 124 1 15 109 
9 ,000 IBS 159 139 122 1 14 lOB 
10,000 182 155 137 121 !13  107 -------------------------------------------------------------------------------------------
lABLE o-3. CR!TICoL R-0-R ACCIDENT RATES FOR RURAL THREE-LANE 
SECTIO"S !FIVE-YEAR PERIOD l t 1983-19B7l 
==================================================�============================ 
AADT 
CRITICAl ACCIDENT RAlE !ACC/100 KVMl 
FOR THE GIVEN 
SECTION LENGTH tKILESl 
0.5 2 3 5 -------------------------------------------------------------------------------
100 1 , 659 1 ,097 758 622 496 
300 879 622 46(> aq3 328 
500 679 496 378 328 291 
1 ,000 496 378 300 267 235 
1 ,500 421 328 267 241 215 
2,000 378 3QO 248 225 203 
3,000 328 267 225 208 190 
4 , 000 300 248 2 12 197 192 
s,ooo 281 235 203 190 176 
6 ,000 267 225 197 !85 172 
7 ,000 256 218 192 tBI 169 
e,ooo 248 212 198 177 167 9 000 241 208 185 175 165 
1o:ooo 235 203 182 172 163 --�-�-------�---�----------·-----a-------P-·-----------------------------------
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TABLE Q-4 , CRITICAL R-0-R ACCIDENT RATES FOR RURAL FOUR-LANE 
DIVIDED SECTIONS !NON-INTERSTATE AND PARKWAY ! 
SECTIONS !FIVE-YEAR PERIOD I ! 1�83-19871 
=============================================================================== 
AADT 
CRITICAL ACCIDENT RATE !ACC/100 �VKI 
FDR THE GIVEN 
SECT!otl LENGTH !MILES! 
0 . 5  5 10 
------�------------------------------------------------------------------------
500 
1 ,000 
2,500 
5 , 000 
7,500 
-to, ooo 
15,000 
20,000 
30,000 
40,000 
50,000 
363 
244 
154 
11'1 
97 
88 
77 
71 
64 
59 
56 
244 
171 
1 1 4  
sa 
77 
71 
64 
59 
54 
51 
49 
171 
125 
88 
71 
b4 
59 
54 
51 
48 
46 
45 
TABLE 0-5. CRITICAL R-0-R ACCIDENT RATES FOR RURAL FOUR-LANE 
UNjJViDED SECTIONS !FIVE-YEAR PERIOD! 
! 1983-1907) 
1 14  
SB 
67 
5b 
52 
49 
46 
45 
43 
41 
40 
BB 
71 
56 
49 
46 
45 
43 
41 
40 
39 
38 
=============================================================================== 
MDT 
500 
1 , 000 
2,500 
5, 000 
7,500 
10,000 
20,000 
30,00� 
40 000 so:ooo 
CRlTICAL ACCIDENT RATE (ACC/100 KVMI 
FOR THE GIVEN 
SECTION LENS:H !MILES! 
0.5 2 
428 295 2 1 1  
295 2 1 1  158 
192 146 1 15  
146 1 15 95 
126 102 86 
1 15 95 81  
95 81  72 
86 75 67 
8 1  72 65 
78 69 b3 
5 10 
146 115 
1 15 95 
90 78 
78 69 
72 66 
69 63 
63 59 
61  58 
59 56 
58 56 
-------------------------------------------------------------------------------
TABLE ncb. CRITICAL R-0-R ACCIDENT RATES FOR RURAL INTERSTATE 
SECTIO!<S (FJVE-VEAR PERIGO! ! 1 963-11'871 
=========================================================================================== 
AADT 
CRITICAL ACCIDENT RATE !ACC/!00 KVMI 
FOR THE GIVEN 
SECTION LENGTH tMiLESi 
0.5 2 5 10 20 
-------�----------------·---------------•-••-----------------•-••·--------a----------------
500 310 203 139 89 67 53 
1,000 203 139 qq 67 53 43 
2,500 124 89 67 49 41 35 
5 , 000 89 67 53 41 35 31 
7,500 75 58 47 37 33 29 
10,000 b7 53 43 35 31 28 20,000 53 43 37 31 28 27 
30, 000 47 39 34 29 27 26 
40,000 43 37 32 28 27 25 
50, 000 4 1  35 31 28 26 25 
------------•--a·-------------------------------------------------------------------------• 
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TABLE ll-7. CRITICAL R·O-R ACCIDENT RATES FOR RURAL PARKWAY 
SECTIONS !F IVE-YEAR PERIOD l ! !983-19B7l 
•========================================================================================== 
AADT 
CRITICAL ACCIDENT RATE !ACC/100 KVMl 
FOR THE 61 VEN 
SECTION LENGTH !MILES; 
--�-------------p-------------------------------------------------------
0.5 2 5 10 20 
-------------------------------------------------p-----------------------------------------
400 415 275 190 124 95 75 
700 m 203 145 99 78 b4 
1 , 000 243 170 124 87 70 59 
1 ,500 196 141 105 77 63 54 
2,000 170 124 95 70 59 51  
- 3,000 141  105 82 63 54 48 
4, 000 124 95 75 59 51 46 
5 ,000 113  87 70 56 49  44 
7,000 99 78 b4 52 46 42 
10, 000 87 70 59 49 44 41 
20.000 70 59 51 44 41 39 
4o;ooo 59 51 46 41 39 37 
-------------�-----------------------------------------------------------------------------
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TABLE 0-B. CRITICAL R-0-R ACCIDENT RATES FOR URBAN TWO-LANE ', 
SECTIONS !FIYE-YEAR PERIOD I ! 19B3-19B71 
================================================================================ 
CRITICAL ACCIDENT RATE !ACC/100 MVMI 
FOR THE GIVEN 
SECTION LENGTH !KILESI 
------------------- -----------------------------------------
AADT 0.5 1 2 5 10 
500 
1 ,000 
2 , 500 
5,000 7 500 - to;ooo 
15, 000 
20,000 
30,000 
40,000 
50,000 
533 
377 
256 
200 
176 
163 
147 
137 
127 
12.0 
1 1 6  
377 
279 
200 
163 
147 
137 
127 
!20 
113 
lOB 
IC5 
279 
215 
163 
137 
te7 
120 
113 
lOB 
103 
!M 
98 
200 
163 
131  
1 16 
109 
105 
101 
98 
95 
93 
92 
163 
137 
1 1 6  
105 
101  
98  
95 
93 
91 
89 
DB 
TABLE �-9. CRlTICAL R-0-R ACCIDENT RATES FOR URBAN THREE-LANE 
SECT!O'!S !FIVE-YEAf! FERIOD! ! 1983-11'371 
================================================================================ 
500 
1 , 000 
2 , 500 
5 ,000 
10 ,000 
15,000 
20,000 
2S, OOO 
30,000 
40, oo:• 
50,000 
CRITICAL ACCIDENT RATE !ACC/100 HVHl 
FOR THE GIVEN 
SECTION LENGTH !HILESI 
------------------- -----------------------------------------
0.5  2 5 10 
460 320 232 162 129 
320 i!32 m 129 lOB 
211  162 129 102 89 
162 129 108 89 so 
129 108 93 eo 73 1 1 6  9 8  86 76 71 
108 93 82 73 69 JOE 89 eo 72 68 
98 86 78 71 67 
93 82 75 69 66 
89 eo 73 68 65 
--------------------------------------------------------------------------------
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TABLE 11-10 .  CRITICAL R-0-R ACCIDENT RATES FOR URBAN FOUf:-LANE 
DIVIDED SECTIONS !NON-INTERSTATE AND PARKWA Y !  
, 
SECTIONS IF IVE-YEAR PERIOD I I 1983-19871 
================================================================================ 
AADT 0 . 5  
1 ,ooo 244 
2,500 154 
5 000 1 1 4  
1o: ooo 88 
15,000 78 
20,000 71 
25,000 67 
30, 000 64 
40,000 60 
50,000 57 
60, 000 55 
CR!T!CAL ACCIDENT RATE IACC/100 MVMI 
FOR THE GIVEN 
SECTION LENGTH IMILESI 
2 5 
171 125 88 
1 1 4  EB 67 
BB 71 57 
7 1  6 0  50 
64 55 47 
60 52 45 
57 50 44 
55 48 43 
52 46 41 
50 45 41 
48 44 40 
10 
71 
57 
50 
45 
43 
4 1  
4 1  
40 
39 
39 
38 
-�------�-----�------------�----------------------------------------------------
TABLE )-1 1 .  CRITICAL R-0-R ACCIDENT R?TES FOR URBAN FOUR-LANE 
UNDIVIDED SECTIONS I F !<.'E-YEAR PERIOD! 
( 1 983-1987) 
================================================================================ 
AADT 0 . 5  
1 ,ooo 274 
2,500 176 
5 , 000 132 
10,000 104 
15,000 92 
20,000 85 
25 000 80 
3tJ :ooo 77 
40 , 000 72 
5o ;ooo 69 
60, 000 66 
CRITICAL ACCIDENT RliT£ IACC/100 MVHJ 
FOR THE BlVEio 
SECJ!ilN LEl<STH IMILESi 
s 
195 145 104 
132 104 80 
104 85 69 
85 72 61 
77 66 57 
72 63 55 
69 6 !  54 
66 59 53 
63 57 52 
61 55 51 
59 54 50 
10 
85 
69 
6 1  
55 
53 
52 
51 
50 
49 
48 
48 
--------------------------------------------------------------------------------
TABLE 1>'12.  CR!T!CAL R-0-R ACCIDENT RATES FOR URB'II< INTEFSTATE 
SECTIONS !FIVE-YEA" PERIOD I I 1983-19871 
================================================================================ 
AADT o . s  
1 . 000 250 
s;ooo 1 18 
10,000 91 
20,000 74 
30,000 66 
40,000 62 
so,ooo 59 
60,000 57 
70,000 55 
80,000 54 
90 000 53 
1oo;ooo 52 
CR!T!CAL ACCI DENT RATE IACC/100 M'IMI 
FOR THE BIVEN 
SECTION LENGTH I"ILESJ 
2 5 
1 75 129 9 1  
q t  74 59 
74 62 52 
62 54 47 
57 so 45 
54 48 43 
52 47 42 
50 46 42 
49 45 4 1  
48 44 41 
47 44 40 
47 43 40 
10 
74 
52 
47 
43 
42 
41 
40 
4(1 
39 
39 
39 
39 
--------------------------------------------------------------------------------
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TABLE ll-1 3 .  CRITICAL R-0-R ACCIDENT RATES FOR URBAN PARKWAY 
SECTIONS (FIVE-YEAR PER!OD i l 19B3-19B71 � 
============================================================================================ 
AADT 0 . 5  
500 so a 
1 , 000 249 
2,500 15i> 
5, 00•j 1 16 
7,500 100 
1 0,000 90 
15,000 rq 
20,00!) 13 
30.000 65 
4o;ooo 6 1  
50,000 58 
CRITICAL ACCIDENT RATE (ACC/100 MVMI 
FOR THE GIVEN 
SECTION LENGTH lM!LESl 
2 5 
248 174 1 1 6  
! 74 127 90 
116 90 68 
90 73 58 
'' 65 53 
73 61 51 
b5 56 48 
bl 53 46 
56 4'1 44 
53 47 43 
5! ltt 4f 
10 20 
90 73 
73 6 1  
58 51 
51 46 
48 44 
46 43 
44 41 
43 40 
4 1  39 
40 38 
40 38 
--------------------------------------------------------------------------------------------
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APPENDIX E 
CRITICAL RUN-OFF-ROAD ACCIDENT RATES 
FOR 0.3-MILE HIGHWAY SECTIONS 

TABLE b-1 .  CRITICAL R-0-R ACCIDENT RATES FOR 0 . 3-MILE SECTIONS 
ON RURAL ONE-LANE , TWO-LANE , AND THREE-LANE HIGHWAYS 
(FIVE-YEAR PERIOD) ( 1983-1987) 
===================================================================== 
AADT 
100 
500 
1 , 000 
2 , 500 
5 , 000 
7 , 500 
1 0 , 000 
1 5 , 000 
2 0 , 000 
CRITICAL ACCIDENT RATE (ACC/MV) 
BY HIGHWAY TYPE 
ONE-LANE TWO-LANE THREE-LANE 
7 . 7 5  6 . 23 6 . 92 
3 . 09 2 . 26 2 . 64 
2 . 23 1 . 57 1 . 87  
1 .  55  1 . 03  1 . 26 
1 . 23 0 . 79 0 . 99 
1 . 10 0 . 6 9  0 . 87 
1 . 02 0 . 6 3  0 . 80 
0 . 9 3  0 . 56 o .  72 
0 . 88 0. 52 0 . 6 8  
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TABLE li -2 .  CRITICAL R-0-R ACCIDENT RATES FOR 0 . 3-MILE SECTIONS 
ON RURAL FOUR-LANE HIGHWAYS , INTERSTATES , AND 
PARKWAYS (FIVE-YEAR PERIOD) (1983-1987)  
====================================================================== 
AADT 
500 
1 , 000 
2 , 500 
5 , 000 
10, 000 
1 5 , 000 
20, 000 
30, 000 
40, 000 
50, 000 
CRITICAL ACCIDENT RATE (ACC/HV) 
BY HIGHWAY TYPE 
FOUR-LANE DIVIDED 
FOUR-LANE (NON-INTERSTATE 
UNDIVIDED AND PARKWAY) INTERSTATE 
1 .  74  
1 . 16 
0 . 7 2  
0 . 5 3 
0 . 41 
0 . 36 
0 . 3 3  
0 . 29 
0 . 27 
0 . 26 
1 . 50 
0 . 98 
0 . 59 
0 . 42 
0 . 3 2 
0 . 27 
0 . 2 5  
0 . 22 
0 . 20 
0 . 19 
7 8  
1 . 31 
0 . 83 
0 . 49 
0 . 34 
0 . 25 
0 . 21 
0 . 19 
0 . 1 6  
0 . 1 5  
0 . 14 
PARKWAY 
1 . 49 
0 . 97 
0 . 59 
0 . 42 
0 . 32 
0 . 27 
0 . 25 
0 . 22 
0 . 20 
0 . 19 
TABLE &-3 .  CRITICAL R-0-R ACCIDENT RATES FOR 0 . 3-MILE SECTIONS 
ON URBAN OTHER , TWO-LANE , AND THREE-LANE HIGHWAYS 
(FIVE-YEAR PERIOD) (1983-1987) 
============================================================= 
AADT 
500 
1 , 000 
2 , 500 
5 , 000 
7 , 500 
10, 000 
1 5 , 000 
20 , 000 
3 0 , 000 
40, 000 
CRITICAL ACCIDENT RATE (ACC/MV) 
BY HIGHWAY TYPE 
OTHER 
1 . 40 
0 . 90 
0 . 54 
0 . 38 
0 . 3 2  
0 . 28 
0 . 24 
0 . 22 
0 . 1 9  
0 . 17 
TWO-LANE 
2 . 12 
1 . 45 
0 . 9 4  
0 .  7 2  
0 . 62 
0 . 57 
0 . 50 
0 . 41 
0 . 42 
0 . 40 
7 9  
THREE-LANE 
1 .  8 5  
1 . 25 
0 . 7 9  
0 . 59 
0 . 50 
0 . 46 
0 . 40 
0 . 37 
0 . 33 
0 . 31 
TABLE '-4.  CRITICAL R-0-R ACCIDENT RATES FOR 0 . 3-KILE SECTIONS ON 
URBAN FOUR-LANE HIGHWAYS , INTERSTATES, AND PARKWAYS 
(FIVE-YEAR PERIOD) (1983-1987) 
===================================================================== 
AADT 
1 , 000 
5 , 000 
1 0 , 000 
1 5 , 000 
2 0 , 000 
3 0 , 000 
40 , 000 
5 0 , 000 
6 0 , 000 
7 0 , 000 
80 , 000 
9 0 , 000 
100, 000 
CRITICAL ACCIDENT RATE (ACC/MV) 
BY HIGHWAY TYPE 
FOUR-LANE DIVIDED 
FOUR-LANE (NON-INTERSTATE 
UNDIVIDED AND PARKWAY) INTERSTATE PARKWAY 
1 . 08 
0 . 49 
0 . 37 
0 . 32 
0 . 29 
0 . 2 6  
0 . 24 
0 . 23 
0 . 22 
0 . 21 
0 . 2 1  
0 . 20 
0 . 20 
0 . 9 8  
0 . 43 
0 . 32 
0 . 2 8  
0 . 25 
0 . 22 
0 . 20 
0 . 19 
0 . 18 
0 . 18 
0 . 17 
0 . 17 
0 . 16 
80 
1 . 00 
0 . 44 
0 . 3 3  
0 . 28 
0 . 26 
0 . 2 3  
0 . 21 
0 . 2 0  
0 . 19 
0 . 1 8  
0 . 1 8  
0 . 17 
0 . 1 7  
0 . 99 
0 . 4 3  
0 . 32 
0 . 28 
0 . 2 5  
0 . 22 
0 . 2 1  
0 . 20 
0 . 19 
0 . 18 
0 . 18  
0 . 17 
0 . 17 
APPENDIX F 
ROADSIDE IMPROVEMENT COSTS 

SELECTED AVERAGE UNIT BID PRICES FOR PROJECTS AWARDED IN 1 9 8 8  
TOTAL AMT AVE U TOTAL 
ITEM DESCRIPTION UNIT QUAN BID AMOUNT 
Guardrail-Steel W Beam-S Face lin ft 1 0 7 3 27 3 . 2 6  8 . 0 6 5 9  8 6 5 6 9 0 8 . 9 6 
Guardrail-Steel W Beam-B Face lin ft 5 5 7 5 . 0 0  13 . 0 8 7 4  7 2 9 62 . 5 0 
Guardrail-Steel W Beam-S Face A lin ft 5 0 3 7 . 5 0  17 . 7 2 0 7  8 9 2 6 8 . 0 0 
Hauling Guardrail lin ft 3 0 7 5 92 . 0 0  0 . 1 8 0 8  5 5 6 0 6 . 3 7 
Guardrail Terminal Sect No 1 each 1 3 4 5 . 0 0  3 0 . 5 4 9 2  4 1 0 8 8 . 6 5 
Guardrail Con to Br End Type A each 1 5 8 . 0 0  5 1 7 . 2 4 6 8 8 1 7 2 5 . 0 0 
Guardrail T e rminal Sect No 2 each 3 . 0 0  5 5 . 0 0 0 0  1 6 5 . 0 0 
Guardrail End Treatment Type 8 each 2 1 . 0 0  4 6 0 0 . 0 0 0 0  9 6 6 0 0 . 0 0  
Guardrail End Treatment Type 6 each 3 4 . 0 0 5 9 4 . 7 0 5 9  2 0 2 2 0 . 0 0  
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Roadside illlpY'ovement costs. 
' ' Unit Costs ( 1985 S) 
Act ion Object 
Uni t  Higtl MEd i an Low 
Remove Trees Each 550 200 70 
Relocate Smal l s i gn Each 440 200 70 
Rel ocate Large si gn Each 3,000 1,100 500 
Remove Smal l s i gn Each 220 40 15 
Remove Large sign Each 600 175 25 
Relocate Luminaire support Each 1 ,500 600 300 
Rel ocate Ma1 1 boxes/newsboxes Each 300 120 60 
Relocate F ire hydrant Each 2 ,200 1,100 550 
Remove ' Fire hydrant Each 340 250 175 
Instal l New Impact attenuator- Each . 26,000 20,000 10,000 
foam type 
Instal l New Impact attenuator- Each 34,000 28,000 22,000 
hydrau 1 1  c type 
Instal l New Impact attenuator- Each 6,000 4,000 3.000 
sand-fil led type 
Clear and Grub Trees Acre 8,000 3,500 1 ,000 
Relocate Guardrai.l L .F.  19.00 8.00 6 .00 
Remove Guardrail  L.F.  5.50 1 .50 0.70 
I nstal l New Guardrail L .F.  31 .00 10.00 7 .60 
Instal l New Guardrail end-anchor Each 800 500 350 
Relocate Cable guardrail L .F. 5 .00 3 .50 2 .50 
Remove Cable guardrafl L.F. 3.00 1 .10 0.75 
I nstal l New Cable guardrai l L .F. 9 .00 6 .00 3.20 
Rel ocate Fence L.F.  10.00 3.00 1 .00 
Remove Fence L .F.  5 .00 0.80 0.20 
Relocate Cha1n- 1 1 nk fence L.F.  20.00 13.00 10.00 
Remove · Cha1n- 1 1 nk fence L .F. 6 .00 2.75 1 .70 
L.F.  • Linear Foot 
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"' 
"' 
Summary of costs for relocating ut i l ity poles. 
/ 
' 
Range of Instal l at ion Costs Average Instal l at ion 
Type of Uti l ity Poles (Dol l ars per Pole) Cost (Dol lars per Pole ) 
or lfnes 
Rural Urban Rural Urban 
Wood Telephone Poles Sl&O-S600 $ 160-$754 $345 $425 
Wood Power Poles SlSD-$4,000 
Carrying <69 KV lines 
SlSD-$4,000 $1 ,270 $1,440 
Non-Wood Poles 
(Metal , Concrete or 
Other) 
$630-$3, 250 $630.$3,370 $1,740 $1,810 
Heavy WOod Df strtbu-
t ion and Wood 
Transmission Poles 
$580-$5 ,500 $50�7.100 $2,270 $2,940 
Steel Transmission Slo,ooo-S3o,ooo 
Poles 
$20,000.$40,000 $20,000 $30,000 
Based on information from 31 uti l i ty companies fn 20 States throughout the U .S. ( 1982 ) .  
[Source: Zegeer, C.Y. and Parker, M.R . ,  •cost-Effectiveness of Countermeasures for Utf lfty Pole Acci­
dents,• January 1983. ][6]
. 
Estimated costs for flattening s1des1opes to 4 :1 
( both sides of road ) . [2J . 
Before Sideslope Condit ion Costs (Sl ,OOO/m11e)  
Ratio 
Height of 
f11 1  (ft . )* High Med i an low 
1 . 5 : 1  3 381 121 · 49 
2:1 3 405 129 51 
2.5:1 2 390 131 52 
' 3:1 . 2 405 136 54 
1 . 5 : 1  7 560 148 57 
2: 1 5 279 88 35 
3:1 3 190 70 28 
*-Vert fca1 di stance from edge of shoul der to the original ground at 
the toe of the f i l l  slope or to the bottom of ditch. 
87 
Shoulder Type 
&rave'\ 
Paved 
Costs of lllld1 ng one foot to each lane or one foot 
to each shoulder ( i .e . ,  both d1rections) .Ul 
1985 Lane 1985 Shoulder 
Cost Category 
Widening Cost 
($1 ,000/mile),  CL 
Widening Cost 
(S1,ooo/m11e) � cs 
High 58.2 21.8 
Median 24.8 8.2 
Low 13.8 3.6 
High 61.6 25.0 
Med i an 27 .8  11.0 
Low 16.4 6.4 
88 
Cost of sl opework port ion of widening prQject . [2] 
Sfdes1 ope1 1985 Costs {$1,000/Mile),  E 
Total Width 
Added to Each Ratio 
S ide (WL + WS) Before Height of High Medi an Low 
in  Feet Imp. Fil l (ft . )2 
2 2 : 1  3 387 127 49 
4:1 1 440 139 55 
6 : 1  1 408 128 49 
2:1  5 303 91 37 
4:1  3 117 41 15 
6 : 1  2 115 40 15 
4:1  5 188 59 23 
6 :1 3 88 35 14 
4 : 1  1 199 64 25 
4 2 : 1  3 475 153 62 
4 : 1  1 484 150 59 
6 : 1  1 449 139 56 
2 : 1  5 346 103 41 
4 : 1  3 219 73 29 
6 : 1  2 195 68 27 
4 : 1  5 280 80 31 
6 : 1  3 108 40 15 
4 : 1  7 318 91 34 
8 2 : 1  3 529 169 68 
4:1  1 550 168 66 
6 : 1  1 508 156 62 
2 : 1  5 414 121 49 
4:1  3 358 113 46 
6 : 1  2 322 103 42 
4 : 1  5 445 117 44 
6 : 1  3 244 72 26 
4:1 7 559 145 56 
1 The procedure assumes that slope work results in  sidesl opes of 4 : 1  or 
fl atter; simple •vee" di tches where the sideslope and backsl ope inter· 
sect; and backs l opes of 3 : 1 .  
2 Vert ical di stance from edge of shoul der to the ori ginal ground at the 
toe of the ff 1 1  sl ope or to the bottom of di tch . 
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APPENDIX G 
ACCIDENT REDUCTION FACTORS 

Research Report 
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Kentucky , the Kentucky Transportation Cabinet,  nor the 
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93 
TABLE 8 .  RECOMMENDED REDUCTION FACTORS FOR SAFETY IMPROVEMENTS 
==============================-==================================== 
I .  SIGNS 
A .  WARNING SIGNS 
1 .  Intersections 
a .  Urban Area 
b .  Rural Area 
2 .  Sections 
a .  Urban Area 
b .  Rural Area 
3 .  Curves 
B .  REGULATORY SIGNS 
1 .  Intersections 
2 .  Other 
c .  GUIDANCE SIGNS 
D .  OTHER 
1 .  Variable Message Signs 
2 .  Upgrade Signing 
ll. SIGNALS 
A .  NEW SIGNAL INSTALLATION 
B .  SIGNAL MODERNIZATION 
MODIFICATION, OR UPGRADNG 
c .  WARNING SIGNALS/FLASHING BEACONS 
1 .  Intersections 
a .  Red-yellow 
b .  4-way red 
c .  Advance 
2 .  Curves 
3 .  RR Crossing 
4 .  Pedestrian Signal 
D .  SIGNAL PHASING 
1 .  Add protected left-turn phase 
2 .  Add permissive lef t-turn phase 
3 .  Improve timing 
4 .  Add pedestrian phase 
PERCENTAGE REDUCTION 
IN TOTAL ACCIDENTS 
30 
40 
15 
20 
30 
50 
25 
15 
10 
1 5  
20 
20 
30 
6 5  
2 5  
30 
80 
1 5 ( 50P) 
25(851) 
10(401 ) 
10 
30( 60P) 
TABLE 8 .  RECOMMENDED REDUCTION FACTORS FOR SAFETY IMPROVEMENTS ( Cont. )  
===========================================================·======= 
5 .  Increase clearance internal 
E .  OTHER 
1 .  Pre timed to actuated 
2 .  12-inch lens 
III . DELINEATION 
A.  POST DELINEATORS 
B .  RAISED PAVEMENT MARKERS 
IV . PAVEMENT MARKING 
A .  ADD CENTERLINE 
B .  ADD EDGELINE 
c .  ADD NO PASSING STRIPING 
D .  TRANSVERSE STRIPING 
E .  LANE USE/PAVEMENT ARROWS 
v .  CHANNELIZATION 
A .  GENERAL INTERSECTION 
B .  LEFT-TURN CHANNELIZATION 
1 .  Signalized Intersection 
a.  Left-turn phase 
b. No left-turn phase 
2 .  Non-Signalized Intersection 
a .  With curb 
b. Painted 
c .  CONTINUOUS LEFT-TURN LANE 
VI . CONSTRUCTION/RECONSTRUCTION 
A. LANE ADDITION 
1 .  Left-Turn Lane 
a .  Without s ignal 
b. With s ignal 
c .  Two-way left-turn lane 
2 .  Acceleration/Deceleration Lane 
95 
PERCENTAGE REDUCTION 
IN TOTAL ACCIDENTS 
30 
20 
10 
20 
30 
1 5  
40 
15 
30 
20 
30 
1 5  
60 
30 
30 
25 
30 
30 
10 
TABLE 8 .  RECOMMENDED REDUCTION FACTORS FOR SAFETY IMPROVEMENTS ( Cont . )  
�=========�======================================================== 
3 .  Passing Lane 
4 .  Shoulder 
5 .  Climbing Lane 
B.  LANE/SHOULDER WIDENING 
C .  ALIGNMENT 
1 .  Change horizontal alignment 
2 ,  Change Vertical .alignment 
3 .  Change horizontal and vertical 
alignment 
D .  CURVE RECONSTRUCTION 
E .  BRIDGES 
1 .  Widen Bridge 
2 .  Replace Bridge 
F .  INTERSECTION/INTERCHANGE 
1 .  Construct Interchange 
2 .  Reconstruct Intersection 
G. OTHER 
1 .  Improve sight distance 
2 .  Correct/improve superelevation 
3 .  Close median openings 
4 .  Increase turning radii 
at intersections 
5 .  Frontage road 
6 .  Ramp modification 
7 .  Flatten side slope 
8 .  Construct pedestrian crossover 
VII .  PAVEMENT TREATMENT 
A. RESURFACING 
B .  SKID RESISTANCE 
1 .  Deslicking 
2 .  Pavement grooving 
C .  RUMBLE STRIPS 
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PERCENTAGE REDUCTION 
IN TOTAL ACCIDENTS 
20 
20 
10 
20 
30 
45 
50 
50 
40 
40 
50 
40 
30 
40 
30 
15 
40 
25 
15 
95P 
20(40w) 
15(5Sw) 
25 
TABLE 8 .  RECOMMENDED REDUCTION FACTORS FOR SAFETY IMPROVEMENTS ( Cont. ) 
=================================================================== 
PERCENTAGE REDUCTION 
IN TOTAL ACCIDENTS 
-------------------------------------------------------------------
VIII. SAFETY BARRIERS 
A .  · MEDIAN BARRIERS 
B .  CRASH CUSHION 
c .  GUARDRAIL 
IX. SAFETY LIGHTING 
A .  GENERAL 
B .  INTERSECTIONS 
c .  SECTIONS · 
D.  ' RAILROAD CROSSINGS 
E .  INTERCHANGES 
x. SAFETY POLES AND POSTS 
A .  BREAKAWAY SIGNS 
B .  Breakaway Utility Poles 
XI . RAILROAD CROSSING 
A. FLASHING BEACONS 
B .  AUTOMATIC GATES 
c .  RR PAVEMENT MARKINGS 
XII . REMOVAL/RELOCATION OF ROADSIDE OBJECTS 
A. REMOVE FIXED OBJECTS 
B .  RELOCATE FIXED OBJECTS 
XIII. OTHER 
A. FENCING 
B .  ELIMINATE PARKING 
c .  PROHIBIT TURNING MOVEMENTS 
0(60f ) (10i ) 
o(7sf) (so1) 
o(ssf ) (3si ) 
0(60f ) (30i) 
0(40f ) (301 ) 
10 
o(sof ) (lsi ) 
0( 40f) (lSi ) 
90d 
30 
40 
-------------------------------------------------------------------
p - pedestrian accidents 1 - left-turn accidents 
wn - wet-nighttime accidents 
dn - dry-nighttime accidents 
w - wet pavement accidents 
f - fatal accidents 
i - injury accidents 
n - nighttime accidents 
t - train accidents 
d - animal accidents 
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APPENDIX H 
BUDGET OPTIMIZATION EXAMPLE 
Research Report 
UKTRP-83-12 
USER' S MANUAL FOR DYNAMIC PROGRAMMING 
FOR 
HIGHWAY SAFETY IMPROVEMENT PROGRAM 
by 
Jesse G .  Maye s 
Chief Research Engineer 
and 
Joseph D .  Crabtree 
Senior Research Engineer 
Kentucky Transportation Research Program 
College of Engineering 
University of Kentucky 
Lexington, Kentucky 
in cooperation with 
Kentucky Department of Highways 
Commonwealth of Kentucky 
The contents of this report reflect the views of 
the authors, who are responsible for the facts and 
accuracy of the data presented herein . The contents 
do not necessarily reflect the official views or 
policies of the University of Kentucky or the Kentucky 
Department of Highways . This report does not 
constitute a standard ,  specification, or regulation. 
July 1983 
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Example Number 1 .  
EXAMPLE NUMBER ONE OF DYNAMIC PROGRAMMING (Title) 
Five locations 
Consider budgets of $100, 000 to $500, 000 by $100 , 000 . 
Cost of fatality = $190 , 000 
Cost of non-fatal injury = 7 ,2 00 
Cost of PDO accident = 1 , 020 
Interest rate = 10 percent 
Traffic growth rate = 4 percent per year 
Informa tion for Location Number One : 
Location number = 0001 
· Location name = Exit Ramp at MP 106 . 3  
· 3 .  5 years o f  accident data : 
4 fatalitie s ,  11  non-fatal injuries ,  12 PDO accidents 
Three alternatives : Improved Clear Gore Impact 
Delineation Area 
Initial Cost :  $ 3 , 000 $7 , 500 
Lif e :  3 years 2 0  years 
Annual Maint. Cos t :  $ 0 $ 0 
Red .  in Fatalities:  10% 50% 
Red .  in Injuries :  10% 50% 
Red .  in PDQ Ace . :  10% 0% 
Information for Location Number Two : 
Location number = 0002 
Location name = Intersection at MP 153 . 6  
3 . 5  years of accident data : 
Attenuator 
$15 , 000 
2 0  years 
$ 500 
7 5 %  
5 0 %  
-65% 
9 fatalities , 28 non-fatal injuries , 112 PDO accidents .  
Two alternatives : Install Flashing 
Signals 
Initial Cost : $ 1 5 , 000 
Lif e :  2 0  years 
Annual Maint . Cost: $ 500 
Red .  in Fatalities :  10% 
Red .  in Injuries :  10% 
Red . in PDQ Ace . :  10% 
Information for Location Number Three: 
Location number = 0003 
Location name = Curve at MP 87 . 9  
2 years of accident data : 
Install Warning 
Signs 
$ 1 ,200 
20 years 
$ 0 
5 %  
5 %  
5 %  
6 fatalitie s ,  9 non-fatal injuries ,  8 PDQ accidents .  
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Two alternatives:  Install 
Guardrail 
Initial Cos t :  $ 8 , 000 
Lif e :  2 0  years 
Annual Maint . Cost :  $ 100 
Red .  in Fatalities : 15 % 
Red. in Injuries : 15% 
Red .  in PDO Ace . :  -40% 
Information for Location Number Four : 
Location number = 0004 
Location name = Bridge at MP 2 0 6 . 1  
4 years o f  accident data : 
Remove Rock 
Outcropping 
$ 3 5 , 000 
20 years 
$ 0 
7 5 %  
50% 
2 5% 
2 fatalitie s ,  8 non-fatal injuries , 47 PDO accidents .  
One alternative : 
Initial Cos t :  
Life: 
Annual Maint. Cost :  
Red. in Fatalitie s :  
Red .  in Injurie s :  
Red. i n  PDO Ace . :  
De slicking 
Pavement 
$30,000 
20 years 
$ 0 
15% 
1 5 %  
1 5 %  
Information for Location Number F ive : 
Location number = 0005 
Location name = Narrow bridge at MP 2 7 . 1  
4 years of accident data : 
5 fatalitie s ,  15  non-fatal injurie s ,  17  PDQ accident s .  
Two alternatives : Widen Delineate 
Bridge Approach 
Initial Cost :  $130, 000 $ 2 0 0  
Life: 20 years 5 years 
Annual Maint . Cost :  $ 0 $ 0 
Red .  in Fatalities : 50% 5 %  
Red .  in Injuries : 50% 5% 
Red .  in PDO Ace . :  5 0 %  5 %  
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LDC NO 
1 EXIT RAKP AT MP 106.3 
-
ACCIDENT HISTORY 3.50 YEARS , 
FATALITIES NON-FATAL PDO 
INJURIES ACCIDENTS 
4 11 12 
ALTERNATIVE COST LIFE MAIN COST EFFECT ONI 
1 3000. 3 o .  
2 7500. 20 o. 
J 15000. 20 500. 
FATALITIES 
0.10 
o.so 
0.75 
NON-FATAL PDO 
INJURIES ACCIDENTS 
0,10 0.10 
0,50 o.o 
o.so -0.65 
BENEFIT/COST ANALYSIS• MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
---------------- NOT DISCOUNTED ----------------
ALTERNATIVE 
1 
2 
3 
MAINTENANCE 
o.o 
o.o 
10000.00 
COST BENEFIT BENEFIT/COST 
3ooo.oo 72980.38 24 .33 
7500.00 2397714.00 319.70 
15000.00 3427965.00 228.53 
BENEFIT/COST ANALYSISr HAINTEilANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
--------DISCOUNTED BACK TO PRESENT WORTH--------
ALTERNATIVE 
1 
2 
3 
MAINTENANCE 
o.o 
o.o 
4256.77 
COST BENEFIT 
3000.00 65304 .54 
7500.00 1401220.00 
15000.00 2004885.00 
104 
BENEFIT/COST 
21.77 
186.83 
133.66 
-, ' 
LOC NO 
' INTERSECTION AT HP 153.6 L 
ACCIDENT HISTORY 3,50 YEARS, 
FATALITIES NON-FATAL PDO 
INJURIES ACCIDENTS 
9 2B 112 
ALTERNATIVE COST LIFE MAIN COST EFFECT ON: 
FATALITIES NON-FATAL PDO 
INJURIES ACCIDENTS 
1 15000. 20 soo. 0.10 0.10 0,10 
2 1200. 20 o.  o.os 0 .05 o.os 
BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IHPROVEKENT 
---------------- NOT DISCOUNTED ----------------
ALTERNATIVE 
1 
2 
MAINTENANCE 
10000.00 
o.o 
COST BENEFIT BENEFIT/COST 
15000 ,00 1147621.00 76.51 
1200.00 578810.25 482.34 
BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
--------DISCOUNTED BACK TO PRESENT WORTH--------
ALTERNATIVE 
1 
2 
MAINTENANCE 
4256.77 
o.o 
COST BENEFIT BENEFIT/COST 
15000,00 672255.50 44.82 
1200.00 338256.00 281.88 
LOC NO 
3 CURVE AT KP 87,9 
ACCIDENT HISTORY 2,00 YEARS, 
FATALITIES NON-FATAL PDO 
INJURIES ACCIDENTS 
6 9 8 
ALTERNATIVE COST LIFE KAIN COST EFFECT ON: 
1 sooo. 20 too. 
2 35000. 20 o. 
FATALITIES 
0.15 
0.75 
NOHATAL PDO 
INJURIES ACCIDENTS 
0.15 -0.40 
0.50 0.25 
BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
---------------- NOT DISCOUNTED ----------------
ALTERNATIVE 
1 
2 
MAINTENANCE 
2000.00 
o.o 
COST BENEFIT 
aooo.oo 1772558.oo 
35000.00 8894400.00 
BENEFIT/COST 
221.57 
254.1'3 
BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
--------DISCOUNTED BACK TO PRESENT WORTH--------
ALTERNATIVE 
1 
2 
MAINTENANCE 
851.35 
o.o 
COST BENEFIT BENEFIT/COST 
aooo.oo 1036198.19 129.52 
35000 .00 5197876.00 148.51 
LOC NO 
4 BRIDGE AT KP 206,1 
ACCIDENT HISTORY 4.00 YEARS. 
FATALITIES NON-FATAL 
INJURIES 
2 8 
PDO 
ACCIDENTS 
47 
AL TERNA liVE COST LIFE HAIN COST EFFECT ONI 
1 30000, . 20 o. 
FATALITIES NON-FATAL 
INJURIES 
0.15 0.15 
BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
---------------- NOT DISCOUNTED ----------------
PDO 
ACCIDENTS 
0.15 
ALTERNATIVE 
1 
MAINTENANCE 
o.o 
COST BENEFIT BENEFIT/COST 
30000.00 364154.25 12.14 
BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
--------DISCOUNTED BACK TO PRESENT WORTH--------
ALTERNATIVE 
1 
MAINTENANCE 
o.o 
COST BENEFIT 
30000.00 212811.25 
BENEFIT/COST 
7.09 
LOC NO 
5 NARROW BRIDGE AT HP 27,1 
ACCIDENT HISTORY 4.00 YEARS, 
FATALITIES NON-FATAL PDO 
INJURIES ACCIDENTS 
s 15 17 
ALTERNATIVE COST LIFE HAIN COST EFFECT ONl 
1 130000. 20 o. 
2 200. 5 o. 
FATALITIES 
o.so 
o.os 
NON-FATAL PDO 
INJURIES ACCIDENTS 
o.so 0.50 
o.os o.os 
BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
---------------- NOT DISCOUNTED ------- --------
ALTERNATIVE 
1 
2 
MAINTENANCE 
o.o 
o.o 
COST BENEFIT BENEFIT/COST 
130000.00 2688350.00 20, 68 
200.00 67208.69 336.04 
BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED 
TOTAL COSTS AND BENEFITS FOR THE LIFE OF THE IMPROVEMENT 
--------DISCOUNTED BACK TO PRESENT WORTH--------
ALTERNATIVE 
1 
2 
MAINTENANCE 
o.o 
o.o 
COST BENEFIT BENEFIT/COST 
130000.00 1571068.00 12.09 
200.00 56978.82 284.89 
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------------------OUTPUT------------------
LOCATIONS---BUDGET. HINIHUH---BUDGET KAXIHUK--BUDGET INCREMENT 
5 10()000.00 500()00.00 100000.00 
--- LOCATION - ALTERNATIVES 
1 J 
2 2 
3 2 
4 I 
5 2 
tlilltiiliitiliStilililttli*lOCATIONS,ALTERNATIVES•COSTS AND BENEFITSiilltilltiiltitilttitttilttt 
BENEFITS (MAINTENANCE INCLUDED> DISCOUNTED BACK TO PRESENT WORTH 
--LOCATION---LOCATION NAHE----------------------------ALT-NUM--------COST----BENEFIT-----B/C RATIO 
1 EXIT RAMP AT HP 106,3 1 3000. 65305. 21.77 
1 EXIT RAMP AT HP 106,3 2 7500. 1401220. 186.83 
1 EXIT RAMP AT HP 106.3 3 15000. 2004885. 133.66 
2 INTERSECTION AT HP 153.6 1 15000. 672256. 44.82 
2 INTERSECTION AT KP 153.6 2 1200. 338256. 281.88 
3 CURVE AT HP 87.9 
. 
1 SQ()O • 1036198. 129.52 
3 CURVE AT HP 87.9 2 35000. 5197876. 148.51 
� BRIDGE AT HP 206, 1  1 30000. 212811. 7.09 
5 HARROW BRIDGE AT HP 27.1 1 13000(), 1571068. 12.09 
5 HARROW BRIDGE AT HP 27.1  2 200. 56979. 284.89 
illiliilltiilOCATIONS,ALTERNATIVES,CQSTSr AND BENEFITS-ORDERED BY BENEFIT/COST RAT!Ottiilitttttit 
BENEFITS (MAINTENANCE INCLUDED> DISCOUNTED BACK TO PRESENT WORTH 
--LOCATION---LOCATION NAKE----------------------------ALT-NUM--------coST----BENEFIT-----B/C RATIO 
5 NARROII BRIDGE AT HP 27.1 2 200, 56979. 284.89 
2 INTERSECTION AT HP 153.6 2 1200. 338256. 281.88 
1 EXIT RAMP AT HP 106,3 2 7500, 1401220, 186.83 
3 CURVE AT HP 87.9 2 350()0, 5197876, 148.51 
1 EXIT RAMP AT HP 106.3 3 15000. 2004885. 133.66 
3 CURVE AT HP 87.9 1 8000, 1036198, 129.52 
2 INTERSECTION AT HP 153.6 1 1500(), 672256. 44.82 
1 EXIT RAMP AT HI' 106,3 1 300(), 65305. 21.77 
5 NARROW BRIDGE AT HP 27.1 1 130000. 1571068. 12.09 
4 BRIDGE AT HP 206,1 1 30000. 212811. 7.09 
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OPTIHUII PROJECT SlliCTIONS FOR BUDGET = 100000. 
LOCATION LOCATION NAME ALT-NUM COST BENEFIT ACCUH BENEFIT 
1 EXIT RAHP AT liP 106,3 l 15000. 2004885. - 2004885. 
2 INTERSECTION AT KP 153.6 1 15000. 672256. 2677140. 
3 CURVE AT liP 87,9 2 35000. 5197876 . 7875016. 
4 BRIDGE AT HP 206.1 1 30000. 212811 .  8087827 . 
5 NARROW BRIDGE AT HP 27,1 2 200. 56979. 8144805. 
uunmnnmunnmuu TOTALS ***************************** 95200. 8144805. 8144805. 
STING OF SELECTED PROJECTS BY B/C RATIO FOR BUDGET = 100000. 
.OCATION LOCA TIOH NAME ALT-HUM COST BENEFIT ACCUH BENEFIT B/C ACCUM B/C 
5 HARROW BRIDGE AT HP 27. 1  2 200. 56979. 56979 . 284.89 284.89 
3 CURVE AT HP 87.9 2 35000. 5197876. 5254854. 148.51 149.29 
1 EXIT RAHP AT KP 106,3 3 15000. 2004885. 7259739. 133.66 144.62 
2 INTERSECTION AT HP 153,6 1 15000. 672256. 7931994. 44.82 121.66 
4 BRIDGE AT HP 206,1 I 30000, 212811. 8144805. 7.09 85.55 
�***************-******* TOTALS ***************************** 95200. 8144805. 8144805. 85.55 
